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ABSTRACT 

There has been a significant number of insurance claims against the Texas State Department of 
Highways and Public Transportation involving mower-thrown-object accidents. This report details the 
efforts made to reduce the number of mower-thrown-object accidents and discusses possible 
changes in mowing standards, available mowing equipment, and possible design modifications to 
mowers. Ideas and theories were tested and evaluated experimentally using a Terrain King TK 15-IV 
bat-wing mower. 

The experiments were conducted to determine the relative safety of several types of safety 
devices. The experiments also served the purpose of determining where objects leave the mower. 

From the experimental results several conclusions were made. Most of the objects exit the rear 
of the mower and safety devices such as chains and cables improve the safety of the mower. 

Finally recommendations were made from the experiments and from observations. The most 
important of these recommendations is that a canvas guard be added to the rear of the mower and a 
reduced mass cutting blade be further tested. In addition, the report discusses the background of 
mower thrown object accidents, blade design, possible application of alternative materials for blades, 
conclusions, and recommendations. 

Key words: mower, bat-wing mower, flex-wing mower, mower accidents, mower-thrown-objects 
(M.T.O.), experimental study, safety devices. 
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SUMMARY 

The main contributions of this report are results showing the effect of blade type, chains. cables, 
forward and backward motion, and object type on the problem of mower-thrown-object accidents. 
The results can be summarized as follows: (1) safety devices such as chains and cables significantly 
improve the safety of rotary mowers, (2) most objects for the mower tested exit fr-om the rear of the 
mower, (3) a canvas guard added to the rear of the mower can reduce mower thrown object accidents, 
(4) the great majority of the mower thrown objects accidents are caused by rotary mowers. (5) 
backward mower motion is more dangerous than forward mower motion and (6) shorter and possibly 
lighter blades can reduce the range of mower-thrown-objects. 
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IMPLEMENTATION STATEMENT 

The work carried out under this project provides highway maintenance and insurance personnel 
with information useful for assessing the effectiveness of various safety improvements on reducing 
mower thrown object accidents. Such information hopefully will lead to changes in mowing standards 
and mower specifications which will lead to improvements in mower performance and highway safety. 

xi 





TABLE OF CONTENTS 

PREFACE iii 

LIST OF REPORTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii 

SUMMARY......................................................................... ix 

IMPLEMENTATION STATEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi 

CHAPTER 1. INTRODUCTION 
Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Scope and Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

CHAPTER 2. LITERATURE REVIEW 
Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Papers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Patents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Reports . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

CHAPTER 3. DATA ANALYSIS 
Accident Claim Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Weather Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Time of Day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Time of Month . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Type of Mower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Vehicle Region Struck . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Directions of Travel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

CHAPTER 4. IDEAS FOR DESIGN MODIFICATION 
Part I. Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

Restrict Minimum Height of Cut Grass to 6 Inches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Cut Grass Only in the Early Morning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Operate Mowers in the Direction Opposije to that of Traffic . . . . . . . . . . . . . . . . . . . . . . 33 
Use Herbicides to Control Grass in Rocky Areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

Part II. Available Equipment and Modifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Blade Designs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Guarding Equipment ....................................................... 37 

Part Ill. Original Ideas and Original Modifications to Existing Ideas . . . . . . . . . . . . . . . . . . . . . . 37 
Mernative Blade Designs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
Alternative Guarding Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

xiii 



CHAPTER 5. DESIGN OF FIELD EXPERIMENTS 
Objects Tested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Mower and Mower Modifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
Experimental Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 

CHAPTER 6. RESULTS OF FIELD EXPERIMENTS 
Processed Distance Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 

Comparison of Backward and Forward Mowing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
Comparison of Test Results With and Without Safety Equipment . . . . . . . . . . . . . . . . 66 

Processed Direction Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
Observable Evidence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
Discussion of Resuijs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 

CHAPTER 7. CONCLUSIONS AND RECOMMENDATIONS 
Aijernative Mowing Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 
Changes to Mowing Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 
Modifications to Bat-Wing Rotary Mower (Terrain King) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 

APPENDICES 
Appendix A: 
Appendix B: 
Appendix C: 
Appendix D: 

List of Patents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
Organizations Contacted for Information on Mowers . . . . . . . . . . . . . . . . . . 103 
Highway Mowing Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 07 
SDHPT Mower Purchase Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 

xiv 



CHAPTER 1. INTRODUCTION 

The Texas State Department of Highways and Public Transportation (SDHPT) is responsible for 
the maintenance of Texas highways and adjoining right-of-ways. Their duties include mowing the 
grass on road medians and shoulders. With this maintenance there is an ever increasing problem with 
tractor mower-thrown-object (M.T.O.) accidents involving the public. The potential hazard of M.T.O. 
accidents has produced a significant and continuing problem for SDHPT. In an effort to curb mower
thrown-object accident frequency and severity, and improve public relations, the SDHPT has decided 
to investigate the mower-thrown-object phenomenon. Equipment and equipment modifications are 
thought to be in use in other states and countries which could significantly reduce M.T.O. accidents. 

A previous report (Ref1) entitled "An Experimental and Analytical Investigation of Mower Thrown 
Object Phenomena" presents experimental and analytical results showing the effect of blade design 
parameters and thrown object physical variables. 

This report presents a review of the literature associated with a variety of mower-thrown-object 
accidents: deals with the analysis of data from 1984 highway mower-thrown-object accident reports; 
presents ideas for mower design modifications; proposes an experimental set up and procedure as a 
standard test for evaluating mowers; and presents the results of extensive field tests with a bat-wing 
rotary mower. 

BACKGROUND 

The SDHPT employs various types of tractor mowers in their mowing operation. These include 
flail, sickle, and rotary bat-wing type mowers. Of the three, use of the rotary bat-wing mower 
constitutes the major cause of M.T.O. accidents. When the rotating blades of the mower hit debris or 
rocks, the debris or rock may be shot out from under the mower and into the path of passing motorists. 

In response to an inquiry sent to various states, the SDHPT has received information regarding 
mower equipment, accident rates and remedial measures being implemented. In most cases the 
remedial measures have not been satisfactory. 

In 1984, M.T.O. accidents accounted for approximately 20 percent of the 900 claims submitted 
to the SDHPT's insurance carrier. Lu, Peng and Rao (Ref 2} compiled a data base from the 111 
accident claims filed in 1984. The data base comprised seven catagories: date of accident and time of 
accident. region of impact. direction of travel, type of mower, cost of damage and additional notes. 
According to the data base, 84.7 percent of all M.T.O. accidents reported involved tractor drawn rotary 
mowers. However, 57.7 percent of the 84.7 percent M.T.O. accidents involved the rotary bat-wing 
mower. Due to this high potential for serious fatal accidents the research efforts focused on 
improvements to the rotary bat-wing mower (Fig 1.1). The bat-wing mower is a device comprising 
three rotating blade assemblies. Each assembly has a cutting span of sixty inches and consists of two 
pivoted blades (Fig 1.2). The rotating blades may hit debris or rocks which are likely to be shot out 
from under the mower and into the path of passing motorists. At present, the safety features used to 
prevent mower thrown objects are stationary side skirts and double row 5/16 inch linked chains (see 
Fig 1.1 ). Even with these protective features, M.T.O. accidents still occur. Therefore, new ideas 
need to be explored in order to reduce M.T.O. accidents. The benefits of reducing M.T.O. accidents 
are: 

1. The department will receive a significantly smaller number of M.T.O. accident claims and 
reduce the potential for serious accidents. 
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2. There will be a general improvement in public relations. 
3. There will be an improvement in the safety of highway travel. 

OBJECTIVES 

The objectives of this research were to: (1) study existing equipment, mowing practices and 
accident data of the SDHPT followed by mowing practices and equipment of approximately 30 other 
states from available reports, (2) perform a computer literature and patent search, and visit mower 
manufacturers in Texas to review past and present developments in the reduction of M.T.O accidents, 
(3) form a database which would help in identifying specific patterns in causes of accidents, (4) 
recommend changes in equipment design, (5) evaluate the effectiveness of various design 
improvements on a bat-wing mower by performing field tests and studies and (6) identify possible 
remedial measures which would reduce the M.T.O. problem and explore the possibilities of 
implementing these solutions in the State of Texas. 

SCOPE AND ORGANIZATION 

Chapter 1 provides an introduction to this report. 
Chapter 2 presents a literature review of papers, patents and reports related to 

mower-thrown-object (M.T.O) accidents. 
Chapter 3 presents and analyses data obtained from accident reports. 
Chapter 4 reviews the design of mowing equipment as ~ affects M.T.O.'s and presents design 

modification ideas for reduction of M.T.O. accidents. 
Chapter 5 discusses the design of field experiments for the bat-wing rotary mower. 
Chapter 6 presents the results of the field test results with the bat-wing rotary mower. 
Chapter 7 presents conclusions and recommendations. 



CHAPTER 2. LITERATURE REVIEW 

A computer literature search was conducted, and product catalogs obtained from the SDHPT 
Procurement Office and The University of Texas library were consulted. A list of 
tractor-mower-vendors were obtained so vendors could be contacted if further information was 
needed. This information helped determine what new or improved equipment exists that would help 
reduce M.T.O. accidents. In addition, information was gathered from other states and countries to see 
what was being done elsewhere about this problem. 

BACKGROUND 

Vegetation is established on the roadside to protect roads from soil erosion. This vegetation 
must be maintained on a regular basis. Mowing, brush control, and weed control are important 
aspects in the control of roadside vegetation. Mowing standards provide for nesting wildlife and for 
natural blending of the roadside with adjacent terrain (Ref 3). 

The mowers used by most state highway departments are the flail type and the rotary blade type. 
A few state highway departments own and operate the sicklebar type mowers. The number and type 
depends on the area being mowed. Flail mowers are used for mowing shoulders, on slopes, medians 
and near guardrails and other locations of high risk. The sick Iebar causes no problem at all with thrown 
objects but is easily plugged by grass and is frequently under repair due to the high number of moving 
parts. Hence this mower is reported as being the least desirable of all (Ref 4). 

The flail type mower has been extensively used since the 1950's because of its simplicity and 
freedom from blockages. The principle of operation is that the blades strike the stem of the plants at 
such a high velocity that the inertial forces of the plants, as they resist rapid acceleration, provide 
sufficient resistance for the blade to generate stresses high enough to cause failure, long before the 
material reaches the blade velocity. The impulse transmitted during the cutting process results in a 
high velocity being imparted to the free materials. This velocity is further augmented by continuing 
contact with the high velocity blade and associated parts (Ref 5). The flail type is the safest mower 
from a M.T.O. accident standpoint, but experience with this mower has not shown it to be effective in 
cutting taller grasses. Due to a large number of moving parts, flail mowers are known to require 
constant maintenance (Ref 4 and 6). Furthermore, compared with the rotary type, flail mowers have 
higher acquistion and parts costs (Ref 4). The vertical flail action deflects debris downwards rather 
than outwards, making the flail mower safe when compared to the rotary type (see Fig 2.1 and Ref 7). 
Most flail mowers have a full length steel roller mounted at the rear which follows the ground contour 
and provides a solid barrier against mower thrown objects. 

The rotary blade type is by far the most popular. However it is also characterized as having the 
highest M.T.O. accident rate. In this type, the rotating bar blade cuts groups of plant stems like grass 
and hay on a plane perpendicular to the fiber direction. The reasons for the popularity of the rotary 
mower are that it is the only mower that comes close to good performance over a broad spectrum of 
lawn conditions, has high production rates and the least maintenance and downtime costs (Ref 8). 

Another development of significance is the rotary disc mower. The mower was developed in 
Europe but was not introduced in the U.S. until a few years ago. The promising aspect of this mower 
is the speed with which one can mow in almost any weather condition. VICON, a manufacturer of this 
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machine uses a series of 3 to 6 triangular discs with three knives on every disc (see Fig 2.2 and Ref 9). 
The discs are arranged in contra rotating pairs with blade speeds of 3000 rpm (see Fig 2.3 and Ref9). 
If the cutter bar strikes an obstacle, it swings backwards automatically. The manufacturer of the above 
mower claims the mower is capable of speeds up to 8 mph. The State of Minnesota. which uses such 
a mower, reports that productivity of the rotary disc mower has been observed to be higher than that 
of the rotary blade and flail mowers they are using. Additionally, maintenance costs for a rotary disc 
mower over a comparable sicklebar are reported to be at least 50 to 60 percent lower (Ref 3 and 10). 
Minnesota and Connecticut State Highway Departments are presently replacing their existing fleet of 
sicklebar mowers with the rotary disc type. Furthermore the Minnesota State Highway Department has 
informed one of the authors of this report that they have been able to achieve an average of 60 to 80 
road miles of single cut mowing on a normalS hour day inclusive of breaks. Minnesota reports that 
M.T.O.'s are the worst with large diameter rotary mowers, less with flails and the least with the disc 
mowers (Ref 10). 

There are a number of variations of the three basic mower types. Examples of these are the 
batwing and the boom type mowers. The batwing consists of three rotary blade mowers pulled 
behind a tractor. The boom type mowers. depending on the manufacturer, have either a reel type or a 
rotary type mower on the end of a long boom. 

An extensive computer search for literature and patents yielded information on M.T.O.'s by 
domestic garden rotary lawn mowers. Due to the similarity between the larger batwing mowers and 
garden mowers, from a M.T.O. standpoint, the work done in this area by researchers and inventors in 
the past is discussed in this report. Broadly speaking the effort to reduce the M.T.O. frequency and 
severity involved either a modification in the blade or a provision of a suitable guard or a shield. The 
authors did not find any organization or agency that maintains records or other information on highway 
mowers. The various organizations that were contacted are listed in Appendix B. Significant 
information and data was obtained from brochures, manufacturer's catalogs and reports from other 
State Highway Departments (Ref 11 and 12). 

PAPERS 

The literature search yielded numerous articles and papers on domestic garden rotary power 
lawn mowers. Some of the more interesting ones are described briefly herein. 

Richard Thorud details a program to develop a safer lawnmower, named the Guardian, by Toro 
Manufacturing Corp. (Ref 8). His effort was directed towards the rotary mower rather than the 
development of a new cutting concept, primarily because of the universal appeal of the rotary 
concept. The project began with a review of available data on lawnmower accidents. Three major 
categories of lawnmower accidents identified in his paper are as follows : 

1. Injuries involving direct contact, mainly between the operator and the lawnmower . 
2. Injuries to the operator from thrown objects. 
3. Injuries to bystanders from thrown objects. 

Mr. Thorud then proceeds to discuss three safety measures that are often proposed by a mower 
designer. 
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Fig 2.3. Vicon disc mower blade construction (Ref 9) 
Triangular discs rotating at 3000 rpm, each mounted with three free swinging cutter-bars 

ID 
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1. Reduction in size or the elimination of the discharge port. However, this leads to 
windrowing, difficulty in collecting and disposing grass clippings and may even result 
in more serious accidents by random discharge. 

2. Reduction in the tip speed of the cutter blade. This idea according to the author of 
the article is resisted by mower manufacturers as it results in mulched clippings 
building up on the inner walls and clogging the chamber. Moreover, an engine with 
increased horsepower would be needed to compensate for the torque lost by 
lowering the RPM. 

{RPM) x 2 x {Foot-Pourds of Torque) 
HP = -------------

33,000 

{2.1) 

Furthermore, a lower discharge velocity results in a less desirable dispersion of grass 
clippings and an increased tendency to plug the discharge port. 

3. Another safety approach often proposed is to increase the amount of coverage 
around the blade. This would undoubtedly be safer, however, tests show that this 
type of enclosure becomes packed with clippings when cutting wet grass and the 
blade will have to be cleaned before continuing further. 

Based on the preceding points, plans were formulated by Mr. Thorud to improve the design in 
these areas on their new lawn mower. the Guardian. The discharge port was modified to act as a baffle 
which deflects foreign objects and grass to the ground. The Guardian blade was designed to move 
large volumes of air at velocities sufficient to wipe the port clean. Random discharge is controlled by 
securing arc-shaped skirts to the bottom edge of the cutting chamber. The skirts also control airflow 
and reduce the buildup of wet grass, improve dispersion, and minimize port plugging. Another 
method used to control random discharge is to locate the edge of the Guardian cutting chamber well 
below the blade tips at most points, so that a randomly expelled object generally can assume a rising 
trajectory only after ricochetting off the ground, and the resulting injury will be less severe. A rear 
safety shield was incorporated to act as a solid steel barrier between the rear deck and the ground. 
The discharge area includes a safety interlock switch that stops the engine whenever the cover is 
opened. 

The Guardian was then tested using the safety dispersion test developed by Toro 
Manufacturing Corp. In this test, the rotary mower is adjusted to a 1.5 in. cutting height and secured 
over an endless belt covered with artificial grass. Encircling the mower is an octagonal framework 
holding cardboard panels of double wall 350# cardboard. Test pieces are placed on the belt, which is 
actuated to convey the pieces beneath the mower. The test pieces are sucked up, struck and thrown 
by the rotary blade towards the cardboard panels. Damage to the panels is noted and used to study 
the discharge characteristics of the mower. Both the Guardian prototype and the Toro Whirlwind 
rotary (mower without modifications) were tested and the results indicated substantial safety 
improvement in all of the three major categories of lawnmower accidents. The Guardian was 
approximately equal to the Whirlwind in grasscutting abilities (Ref 8). 

In another paper, McConnell, W., and Knapp, L, collected injury related data on accidents 
involving rotary power lawnmowers (Ref 13). The victims were interviewed for about 30 minutes by 
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the investigator and the accident scene photographed. Each accident was described in narrative 
form. The investigator listed at the end of the report, the role that (1) man, (2) machine and (3) 
environment played in the occurrence of the accident. McConnell and Knapp suggested the 
following for the reduction of rotary mower accident injuries: 

1. An improved design that would decrease the velocity of the objects expelled through the 
discharge. 

2. An improved design that would intercept the flight of an object thrown from the rotating 
blade of the mower. 

3. Further education of the operator in safe mowing practices. 
4. A safer method for the removal or attachment of mower blades. 
5. An improved blade design to stop the blade automatically anytime the operator releases 

the handle or leaves the seat; for example, opening the door of a washing machine stops 
the agitator. Presently most mowers take between 60-90 seconds to stop after the mower 
has been turned off. 

In another publication, Prof. William Chancellor presents a comprehensive study on the cutting 
of biological materials and specifically on the parameters of cutting performance, cutting mechanisms, 
cutting process variables and the cutting characteristics of various materials (Ref 5). This study serves 
as a good reference which can be used in mower blade design to compute the cutting power 
requirements. 

PATENTS 

The Wood U.S. patent 3,690,051 dated Sept. 12, 1972, discloses a garden lawn mower blade 
construction comprising a disc having a plurality of radially disposed cutting blades pivoted thereto. 
The blades are positioned for cutting by centrifugal force but are pivotally retractable should they 
strike an obstruction. Novel means are provided to retain the blades in a retracted and non-cutting 
position after striking an obstruction in order to reduce the likelihood of serious injury to a user and of 
damage to the mower or blade (see Fig 2.4). 

The Joseph Dell U.S. patent 4,369,618 dated Jan. 25, 1983, discloses a safety rotary lawnmower 
disc blade that uses a vacuum to draw flexible material to the cutting edge but will not suck up rigid 
materials. Both the vacuum generating element and the cutting edge are located on the same side of 
the disc (see Fig 2.5). The blade has four more or less tapered slots with their trailing edges 
sharpened to do the cutting. The narrow ends of the shots are raised to create a vacuum. 

The Leonard Miskiewicz U.S. patent 3,570,225 dated Mar. 16, 1971, discloses a safety shield for 
a power driven lawn mower and control mechanism that is operatively interconnected between the 
lawnmower and the safety shield. The control mechanism is operative to lock the shield and mower in 
fixed positions relative to each other when the rear end of the mower is raised a predetermined 
distance above the ground, and is also operative to terminate electrical energy supplied to the power 
source driving the mower, when the mower is so raised (see Figs 2.6 and 2.7). 

The Anthony Engler U.S. patent 3,577,871 dated May 11, 1971, discloses a chain curtain 
welded (or joined by some other means) to the mower housing. The curtain is made up of segments 
of a chain, and each segment is individually secured to the housing. A wire rope (or similar means) is 
passed through one of the lowermost links of each chain segment. This wire rope adds a certain 
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Blades are positioned for cutting by the centrifugal force 

Blades retract on striking an object 

Fig 2.4. U. S. patent 3,690,051, showing radial retractable cutting blades mounted on a disc 



Top view 

Blade with tapered slots 

Side view 

EP!!5!!-==--.JCt'~-~-:::~~.,I!IIS:'""~_...~D:::J 
I 

Enlargement 

Fig 2.5. U.S. patent4,639,618, Safety-Vac blade 
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Fig 2.6. U. S. patent 3,570,225, showing a safety shiek:J that can move up and down as the mower is 
raised or lowered. 
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Fig 2.7. U. S. Plllent 3.570.225, Showing the safety shield In ~s lowermost P<>snion 
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rigidity to the chain curtain and helps in stopping or restraining the M.T.O. in its flight by absorbing 
energy. 

The D. Ramaker and R. Keller U.S. patent 3,297,513 dated Dec. 23, 1975, discloses a safety 
shield mounted between two laterally opposed support wheels of a rotary lawnmower to block any 
objects which may be hurled by the blade, and to prevent access to the operator's feet. The shield 
comprises a panel hung directly from the wheel axle so that vertically adjusting the housing relative to 
the ground does not alter the elevation of the lower edge of the panel relative to the ground (see Fig 
2.8). 

REPORTS 

Mr. Quinner F. Williams, the Chief Engineer of the Insurance Division of SDHPT contacted 
various states for the steps that they have taken to control M.T.O. accidents. In response to their 
inquiry, SDHPT has obtained (from at least thirty different states) reports on mower equipment. 
accident rates and the steps they have taken to reduce the number of M.T.O. accidents (Ref 2). A 
brief description of the steps taken by these states to control M.T.O. accidents is documented in this 
report: 

1 . Restrict the Height of Cut 

The States have unanimoniously reported that an increase in the height of cut reduces the 
number of M.T.O. accidents. Some states have revised their specifications to limit the height of 
cut to 6 inches (Ref 14, 15, 16) while others are in the process of doing so. This has been cited 
as the single most important factor responsible for M.T.O. accidents. A popular recommended 
height is six inches. 

2. Chain Guards 

Most states are now using chain guards to reduce the number and severity of accidents and 
acknowledge its effectiveness. The average thickness of the chain link is 1/4 inch and the guard 
may be either a single or double row chain guard. Some states have additionally reinforced the 
chain guard with rubber belting for added protection (see Fig 2.9 and Ref 2), (Ref 10, 15, 17, 
18). 

3. Equipment Choice 

Nearly all states have reported that flail mowers, though not as productive as the rotary mowers, 
have proved to be the safest, and recommend the use of flail mowers in areas of high potential 
for M.T.O. accidents; e.g., shoulders, medians and other areas. The State of New Jersey is 
replacing its entire fleet of rotary mowers with flail mowers (Ref 19). The State of Oregon 
reported that the maintenance operation cost of an 8 foot flail mower was less than that of an 8 
foot rotary mower (Ref 20). 

The State of Minnesota reported that the use of rotary disc mowers resulted in a twofold 
increase in production over the sickle type with the M.T.O. problem still persisting (Ref 1 0). No 
state has reported if they are using the pivoted type blade which folds back on hitting an object 
or if they are using the dishpan type blade to tackle the problem (see Fig 2.10 and Ref 2). The 
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Fig 2.8. U.S. patent 3,297,513, shows a safety shield mounted between two JateraDy opposed 
wheels d a daly l'l"'Ner 
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Dishpan blade 

Pivoted blade 

Fig 2.10. Dishpan and pivoted type blades (Ret 2) 
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manufacturers of the dishpan and pivoted blades claim that these blades help in reducing 
M.T.O. accidents. Another development that should help in reducing M.T.O. accidents is the 
automatic self-leveling adjustment on Rhino mowers which helps insure complete control over 
the cutter at all times. A parallel linkage connects the rear axle and the cutter tongue to raise 
and lower the cutter evenly. The cutter conveniently remains level no matter what cutting height 
is selected (see Fig 2.11 and Ref 2). 

4. Chemical Control 

Some states reported the use of herbicides and retarders as having produced fair results and 
are optimistic about this grass and weed control measure (Ref 4 and 10). The Oklahoma DOT in 
1985 reported a cost of$ 8 to$ 9 per acre per treatment for chemical control and expects this 
cost to fall by more than 50 percent with time (Ref 21 ). 

5. Operator Training 

Some states mention enhanced operator training by their supervisors or foremen to create an 
awareness among the operators (Ref 5 and 22). In particular, the operators are instructed not to 
leave the shop without the chains or guards on the machine and to make sure that the height of 
cut is not reduced in the field. Operators are reminded that they must raise their mowers when 
passing over side roads, intersections, and driveways to reduce the danger of M.T.O. accidents 
(Ref 14). Mr. John Fisher, the chief engineer at Terrain King, informed the authors that in his 
opinion a high number of M.T.O. accidents occur when operators pass over side roads, 
intersections, and driveways without raising the mower. Some states report that operators were 
found to reduce the height of cut from that recommended. 

6. Cleanup 

Cleanup prior to commencement of mowing operations especially around high hazard areas like 
medians and shoulders is reported to be one of the measures undertaken to reduce M.T.O. 
accidents (Ref 14, 17, 23). Experienced operators familiar with the terrain were used whenever 
possible. 
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CHAPTER 3. DATA ANALYSIS 

Almost 150 accident reports for 1984 (April-December) were obtained, entered into a data base 
and analyzed. The purpose of the data base analysis was to develop correlations between accidents 
and variables (such as time of day and mower-motorist orientation) and hopefully to provide insight 
into how and why M.T.O. accidents occur. Seven fields were set up: date and time of accident. 
region of impact, type of mower, cost of damage, direction of travel and additional notes. Many reports 
were incomplete and were left out. A total of 111 records were used to perform the final analyses. 

ACCIDENT CLAIMS COSTS 

A total of $20,488.57 was spent in payment of accident claims. The average cost per claim was 
$184.58. The largest amount paid was $2,335.14 for damages to a new recreational vehicle. A large 
number of claims were not followed up and no money was paid. 

WEATHER CONDITIONS 

The weather conditions did not appear to have any effect on the number of accidents. Since, 
the grass is not being mowed during inclement weather, almost all of the accidents occurred during 
dry, sunny, and clear days. 

TIME OF DAY 

The time of day does seem to have some correlation to the number of accidents, but its 
significance is questionable. A table of the number of accidents during each hour in the day is shown 
in Fig 3.1. The question is if any reduction in the number of accidents is due to fewer motorists or 
fewer mowers being operated. There were very few accidents occurring before 9 am. It is possible 
that there were fewer motorists in the morning. The number of accidents also fell during the noon 
hour and after 4 pm. This lull was probably due to a decrease in the number of mowers. The largest 
number of accidents occurred in the ear1y afternoon. This was most likely to be due to a large number 
of both motorists and mowers. 

TIME OF MONTH 

There were not any accident reports for the months of January through March. The summer and 
fall months experienced the largest number of accidents, as shown in Fig 3.2. This is believed to be 
jointly due to the increased growth of grass and the increased number of motorists. Fewer accidents 
were reported in the winter and spring months, presumably due to a decrease in mowing activity. 
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Fig 3.1. Number of accidents vs. time of day 
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TYPE OF MOWER 

The most widely involved brand of mower was the Terrain King. Sixty-four Terrain King mowers 
were involved in accidents, as shown in Fig 3.3. There were 6 other miscellaneous mower accidents 
consisting of slope mowers, flail mowers, and edgers. Small riding or push mowers were also 
responsible for 15 accidents, mostly involving par1<ed cars. The second largest group consisted of 30 
other flex-wing mowers of various brands. These results should not imply that the Terrain King is the 
most dangerous. Tables 3.1 and 3.2 show that about 25 percent of the mowers used by the SDHPT 
are Terrain King, but only 14 percent of them were involved in accidents. Due to the large number of 
Terrain Kings, any modifications should be designed for this model. 

VEHICLE REGION STRUCK 

Figure 3.4 shows that windshields were hit over 39 percent of the time. The second most 
vulnerable place was the right side of the vehicle with 33 hits. The left side was also hit 19 times. 
Even the roof and underside were not immune to damage with 10 hits. Five rear windows were also 
struck while par1<ed in par1<ing lots. Most people only received a shower of glass when their windows 
shattered, but there were a few incidents of personal injury. Most of the damage was caused by rocks, 
but other debris, such as concrete, metal, wood. and an armadillo, was also thrown. 

DIRECTIONS OF TRAVEL 

Five directions were used to classify the positional relationships between the mowers and the 
cars (see Fig 3.5). The largest number of accidents (39) occurred with both vehicles traveling in the 
same direction and with the car to the left of the mower. The second largest group also consisted of 
vehicles traveling in the same direction, but to the right of the mower. Twelve vehicles were struck 
while traveling in the opposite direction, and to the left of the mower. Almost the same number were 
hit while traveling in the opposite direction and to the right of the mower. Six accidents occurred while 
the mower and car were perpendicular to each other. The remaining records did not list vehicle 
position. 



27% OTHER BAT
V\11\G rv'CWER:3 

1.SO/o OTl-IERS 

13.5%SMALL 
rvoM:R3 

57.7°/o TERRAIN KING 
BAP/v'ING MJ.NERS 

Fig 3.3. Mowers involved in M.T.O. accidents 
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TABLE 3.1. LIST OF MOWERS USED BY SDHPT 

CLASS CODE MAKE CODE NUMBER OF UNITS 

130010 95 (Brillion) 1 
130010 202 (Danca) 1 
130010 310 (Ford) 8 
130010 609 (Mohawk) 10 
130010 611 (Modern, Inc.) 22 
130010 612 (Matt) 27 
130010 662 (Perfect) 2 
130010 758 (Safety Shear) 1 
130010 769 (Servis) 3 

130020 127 (Caldwell) 1 
130020 172 (CMC) 1 
130020 310 (Ford) 2 
130020 570 (Mathews, Corp.) 6 
130020 612 (Matt) 28 
130020 662 (Perfect) 1 

130030 201 (Dandl) 2 

132010 118 (Bush-Whacker) 1 
132010 127 (Caldwell) 3 
132010 265 (Engler) 11 
132010 299 (F & F) 5 
132010 310 (Ford} 2 
132010 429 (IHC) 13 
132010 609 (Mohawk) 1 
132010 611 (Modern, Inc.} 37 
132010 769 (Servis) 7 
132010 790 (SMC-Mowal) 6 
132010 843 (Terrain-King) 22 
132010 855 (Taro} 1 
132010 966 (Woods} 5 

132020 310 (Ford) 3 
132020 609 (Mohawk) 1 
132020 611 (Modern, Inc.) 27 
132020 769 (Servis) 2 
132020 843 (Terrain-King) 8 
132020 966 (Woods) 22 

132030 368 (Gravely} 1 
132030 429 (IHC) 1 
132030 611 (Modern, Inc.} 3 
132030 987 (Yazoo) 1 

rontirued ...... 



29 

TABLE 3.1 - - continued 

132040 36 (Astron Corp.) 1 
132040 127 (Caldwell) 51 
132040 265 (Engler) 2 
132040 610 (Mow all) 8 
132040 719 (Rhino) 6 
132040 769 (Servis) 12 
132040 834 (TCM) 11 
132040 843 (T errah-Kh'J) 400 
132040 966 (Woods) 30 

134020 611 (Modern, Inc.) 3 
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TABLE 3.2. CLASSIFICATION OF MOWERS 
(FROM TACS SYSTEM- TABLE TEOS001 PAGE 9 9130/85) 

ARGUMENT VALUES 

(130010) 

(130020) 

(130030) 

(132010) 

(132020) 

(132030) 

(132040) 

(134010) 

(134020) 

(135010) 

(135020) 

RESULTS VALUES 

(MOWER, LIFT OR TRAIL TYPE, 
(FLAIL, 5 TO 7FT. 

(MOWER, LIFT OR TRAIL TYPE, 
(FLAIL, 7 TO 9 FT. 

(MOWER, LIFT OR TRAIL TYPE, COMB 
(FLAIL, 14FT. (FOR TRACTOR MTG.) 

(MOWER, LIFT OR TRAIL TYPE, 
(ROTARY, 5 TO 7 FT. 

(MOWER, LIFT OR TRAIL TYPE, 
(ROTARY, 7T09 FT. 

(MOWER, LIFT OR TRAIL TYPE, 
(ROTARY SWING ARM 

(MOWER, TRAIL TYPE, ROTARY, 9 
(FT. AND GREATER 

(MOWER, LIFT OR TRAIL TYPE, 
(REEL, 5 TO 7 FT. 

(MOWER, LIFT OR TRAIL TYPE, 
(REEL, 7 TO 9 FT. 

(MOWER, SELF PROP., RIDING, 
(FORWARD MOUNT, ROTARY, UP TO 60" 

(MOWER, SELF PROP., RIDING, 
(FORWARD MOUNT, ROTARY, 60" CUT 
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FIQ 3.4. Regions of i!ll>act 
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CHAPTER 4. IDEAS FOR DESIGN MODIFICATION 

This chapter explores possible alternative designs to solve the problem of mower-thrown-object 
accidents. The initial ideas generated for design modifications can be found in Ref 24. The 
alternative designs are divided into three parts. Part I contains proposed additions to the current 
mowing standards (see Appendix C). Part II describes equipment and modifications to equipment that 
are currently available. Finally, Part Ill considers original ideas as well as original modifications to 
existing equipment. The goal of all alternate designs is to reduce M.T.O. accidents at a reasonable 
cost. 

PART I. STANDARDS 

Restrict Minimum Height of Cut Grass to 61nches 

Present mowing standards suggest grass cutting heights between 3 and 7 inches, depending 
on the grass. When the cutting height is low (3 or 4 inches), the probability of producing M.T.O.'s 
increases greatly since the mower blade is closer to the ground and closer to rocks on the ground. If 
the mowing height is made standard at 6 inches, it would be beneficial in several ways. First, it would 
save time since the mower cutting height would never have to be adjusted. A 6 inch cutting height 
would also raise the mower high enough to miss most rocks and debris that litter the ground. In 
addition, cutting grass too low in hot climates like Texas is bad for the condition of the grass and 
requires more watering. However, setting the cutting height at 6 inches may require the grass to be 
cut more often. A six inch cutting height is currently standard in many states. 

Cut Grass only in the EMy Morning 

Statistically, most M.T.O. accidents occur in the mid-afternoon when traffic is heaviest (see 
Chapter 3). Thus, if mowing is restricted to the early morning there should be fewer accidents 
because there would be fewer motorists on the road to hit. The obvious disadvantage to this 
suggestion is the time constraint it imposes on the mowers. Mowers would have less hours per day to 
mow, thus it would take more days to finish a job. 

Operate Mowers in the Direction Oppostte to that of Traffic 

Statistically, most accidents occur when the mower is traveling with the flow of traffic (see 
Chapter 3). This is because objects thrown from the mower travel in a path toward oncoming traffic. 
Thus, if mowers were required to cut in a direction opposite to that of traffic flow, many accidents could 
be avoided. When objects are thrown out in this direction, they will be traveling with the flow of traffic, 
thereby decreasing their impact velocity. 

Use Herbicides to Control Grass in Rocky Areas 

Rocky areas are defined as areas around guard rails and sign posts in addition to terrain that is 
rocky. In these areas it is better to control the grass with a herbicide than to cut it since there is a high 
possibility of rocks being thrown if mowers are used. However, herbicides are more time consuming 
to apply and do not always kill the desired vegetation. Herbicides will also harm the environment if not 
used properly (i.e., run-off). 

33 
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PART II. AVAILABLE EQUIPMENT AND MODIFICATIONS 

Mower manufacturers have equipment and modifications to equipment available that could help 
reduce M.T.O. accidents. This equipment may come as a standard feature on their mowers, or they 
can be retrofitted onto existing mowers. Some of these features are already present in the SDHPT 
mower purchase specifications (see Appendix D). The equipment effecting M.T.O. is classified under 
blade designs and guarding equipment. 

Blade Designs 

(A) Straight Blade 
Currently the majority of bat-wing mowers are equipped with straight blades. The blade is made 
of 5160 heat treated steel (see Fig 4.1 ). The advantages of the straight blade are: 

1. The blades are reversible for added service life. 
2. The blades are inexpensive to replace. 

Unfortunately, due to the heavy weight of the blade, larger objects are more likely to be thrown 
from under the mower. These thrown objects could cause serious damage. 

(B) Lift Blade 
This blade design is an alternative to the straight blade used on the bat-wing mower. Since the 
cutting edge of the blade is pitched (see Fig 4.1 ), it will create lift and produce a greater cutting 
efficiency. However, this blade will provide a greater surface area for contact with large objects 
thus creating potential for mower thrown objects. 

(C) Double Pivoted Flat Blade 
This blade has two pivoted points: one at the drive shaft hub and the other at the cutting edge 
(see Fig. 4.1 ). When the blade rotates, centrifugal force will hold the blades in position. The 
advantages of the double pivoted blades are: 

1 . The addition of the pivoted cutting edge permits the blade to retract back upon striking an 
object which it cannot cut. 

2. The blade is available eHher as a pitched blade or straight blade. 
3. The impact and cutting force of the blades are increased. 
4. The horsepower requirements are reduced. 
5. The cutting blade is inexpensive to replace. 

This type of blade was introduced by Terrain King in the 1950's but due to complaints of 
increased maintenance over the conventional blade, the blade was withdrawn from production 
and became an optional item. In addition, the double pivoted blade assembly is more expensive 
than conventional blades. 

(D) Dishpan Blade 
This blade is expected to be safer to operate with respect to M.T.O.'s since the center section is 
a disk which does not have any effective rock hitting surface (see Fig 4.2). The dish blade also 
possesses a greater rotational energy, due to its greater mass, than the bar blade, which 
increases its cutting efficiency over the bar blade. However, dishpan blades do cost more than 
bar blades. 

(E) Trailing Edge Blades 



STRAIGHT BLADE 

LIFT BLADE 

DOUBLE PIVOTED 

BLADE ASSEMBLY 

Fig 4.1. Blades currently available for bat-wing mower 
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DISHPAN BLADE 

BAR BLADE 

Fig 4.2. Dishpan and bar blade carriers (from Rhino cat.#: L-FWC-0884-SW-SWCG) 
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The trailing edge blade is a blade that has a slanted cutting edge. The blade is designed so that 
objects hitting the blade would be more likely to glance off the blade instead of being shot 
straight ahead after impact. The blade also incorporates a change in its center of gravity so that 
the reaction force the blade would have to overcome upon impact would be less. This would 
cause the blade to retract sooner than a conventional double pivoted blade. The blade is made 
of 5160 heat treated steel (see Fig 4.3). 

Using the blade with a dishpan would optimize the effectiveness of the blade to reduce mower 
thrown obiects (see Fig 4.4). If the blade strikes an obiect, the blade would retract and create a 
flush surface with the dishpan. This would prevent objects from being thrown by a bat-wing 
mower. However, the disadvantages would be: 
1. Higher cutting speeds may be required to maintain cutting efficiency. 
2. The cost of manufacturing this blade assembly could also be high if none were already 

available. 
Note that the trailing edge blade can also be used on a double pivoted blade assembly. 

Guarding EQuipment 

(A) Side Skirt 
Side skirts are metal panels which attach to the sides of mowers to prevent material from flying 
out (see Fig 4.5). Skirts are only used on the sides because an opening is needed in the front 
and the rear of the mower for grass to enter and exit. Side skirts are designed to drag along the 
ground as the mower is being pulled. This creates a seal between the skirt and the ground that 
prevents M.T.O.'s from exiting. However. dragging the skirt increases the power requirements 
needed to pull the mower since extra drag is introduced. Maneuverability of the mower may also 
be hampered. Most mowers are equipped with replaceable side skirts as standard equipment. 

(B) Automatic Self-Leveling Mower 
This device helps the mower conform to the contour of the ground, thus reducing gaps and 
openings from which M.T.O.'s can fly out (see Fig 4.5). This feature is appearing on many of the 
newer mowers being produced. The increase in costs for the addition of this feature can be 
high. 

(C) Existing Mower Chains 
Safety chains help prevent rocks from flying out (see Fig. 4.6). They are hung along the sides of 
mowers and in places where skirts can not be used. Chains are the most common solution to 
M.T.O. accidents. Safety chains usually provide adequate protection from M.T.O.'s, especially 
when hung in double rows. However, M.T.O.'s sometimes have enough velocity and 
momentum to actually kick up the chain and exit the mower. Chains also barely touch the 
ground, so going over bumps or uneven terrain would create holes in the wall of chains for 
M.T.O.'s to exit. 

PART Ill. ORIGINAL IDEAS AND ORIGINAL MODIFICATIONS TO EXISTING IDEAS 

The following are original ideas generated by the design teams to meet our design requirements 
for reducing M.T.O. accidents. The ideas are classified under blade modifications and alternative 
guarding equipment. 
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Alternative Blade Designs 

(A) Reduced Mass Blade 
A major problem with the blades previously discussed is their mass. A reduction of the mass of 
the blades would decrease the amount of energy transferred to objects thrown by the mower. 
Reduction of blade mass could be accomplished by: 

1. Drilling holes to remove mass from the arm of the blade (see Fig 4.7). 
2. Replacing the arm of the blade with different materials such as aluminum alloys and 

fibre-reinforced epoxy materials (see Fig 4.7). 

However, the structural integrity of the blade may be destroyed if holes are drilled. Using 
different types of materials for the arm of the blade, may make the blade weak or not durable 
enough to withstand the impact caused by a blade striking an object. 

(B) Blade Assembly with Three Blades 
This blade configuration uses three smaller blade assemblies (see Fig 4.8). This blade 
configuration replaces the typical blade assembly used on the bat-wing mower. 

By using more blades to mow, the mass of each blade can be reduced. This would then cause 
less energy to be imparted to an object when struck by the rotating blades thus preventing 
objects form being shot out from under the mower. Unfortunately, by using more blade 
assemblies, the assembly would require more mechanical linkages. This results in a greater cost 
to manufacture and maintain once in operation. 

(C) Increased Lift Blade 
Rocks hitting a lift blade would be deflected upward. The rocks would hit the mower casing 
instead of being shot out in a horizontal path. Increasing the blade pitch would also increase the 
lift created by the blade thereby standing the grass up to be cut. The increased lift would also 
blow the cut grass upward, so as to not clog the mower blades. However, increasing the pitch 
increases the rotating profile of the blade from a line to a rectangle. The new blade would have a 
greater surface area in which to hit objects which is undesireable. The cost of manufacturing 
these blades could also be high if none were already available. 

(D) Wire Blade 
A nylon wire blade would transmit much less energy when it hits a rock than a rigid steel blade 
(see Fig 4.9). Thus, a rock hit with a nylon blade will not have much energy to travel far or to 
cause M.T.O. accidents. However, this blade does not produce a lift. A regular mower blade has 
a slight pitch that creates a lifting force that stands the grass up, making mowing easier and more 
efficient. The nylon blade also does not have enough energy and inertia to cut very large plants. 
This could be remedied by using a more massive wire, for instance, one made of steel. However, 
broken pieces of the steel wire would be as dangerous as any M.T.O. 

Alternative Guarding EQuipment 

This area explores the adaptation of floating skirts and deflectors. These devices could be 
designed and retrofitted to the existing bat-wing mower. Some of the following ideas were tested on 
a scale model; details can be found in Lu, Peng and Rao (Ref 2). 
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(A) Floating Side Skirts 
The floating side skirts would be made of metal or rigid synthetic material which would be 
attached to the side of a mower. The skirt could only be used on the sides because an opening 
is needed in the front and rear of the mower for grass to enter and exit properly (see Fig 4.1 0). 
The advantages of the floating side skirts are: 

1. This would allow the skirt to be bolted to the existing stationary side skirt. 
2. Side skirts would have the ability to conform with the terrain during mowing. 
3. Side skirts would prevent debris from being thrown out from under the mower. 

However, the floating side skirts may have limited degrees of freedom thus possibly inhibiting 
the mower from turning sharply. 

(B) Rear and Front Stand-Off Deflectors 
Stand-off deflectors would be mounted on the front and rear of the bat-wing mower (see Fig 
4.10). The advantages of the stand-off deflectors would be: 

1. Materials could be made of double-linked chains, rubber flaps or fibre-reinforced material. 
2. Cutting effiiciency would not be hindered. 
3. Objects thrown out of the mower would be deflected downward. 

The disadvantages would be: 

1. They could be damaged by hitting stationary objects, due to irresponsible operators. 
2. Possible matting of the grass could occur before cutting. 

(C) Mower with Dragging Canvas 
A fabric curtain is constructed out of canvas or tougher material (see Fig 4.1 1). The curtain is 
then bolted to a frame over the trailing edge of the mower. The frame can be raised and lowered 
for ease of mower movement. As the mower is operating, the curtain is lowered and allowed to 
drag along the ground. The main idea is for the curtain to be long enough so that rocks that hit it 
will stop and drop to the ground. The curtain is also dragged over grass cuttings so as to not 
inhibit the exhaust of grass and clog the mower blades. The problem with this idea is finding an 
optimal length of curtain to trail and finding a fabric tough enough to withstand dragging on the 
ground. This idea is only applicable in preventing objects from coming out the rear of the 
mower. 

(D) Mower with Rubber Skirt 
Hanging a skirt completely around the mower would prevent objects from flying out from any 
direction (see Fig 4.1 2). The solid rubber skirt is also more rigid than the flexible chains, so the 
chance of an object striking the skirt and exiting is lessened. The disadvantage of this idea is 
that while the skirt may prevent rocks from being thrown out of the mower, it may also prevent 
grass from properly exhausting. This would make the grass collect under the mower and clog 
the blades. The skirt may also, as the mower goes over the grass, have a tendency to mat the 
grass down instead of cutting it. 

(E) Mower with Port 
A port cut in the top of the mower casing would provide an exit for cut grass (see Fig 4. 13). The 
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cut grass is light so it can be blown through the port by the lift created by the mower blades. The 
M.T.O.'s are heavy so they would just hit the sides of the casing instead of being blown out 
through the port. This idea would not work in places where the cut grass is heavy. The cost to 
modify the mowers may also be another limiting factor. 

(F) Mower with Ducts 
A duct system constructed under the mower casing would allow the operator more control over 
the exhaust of grass, making mowing more predictable (see Fig 4.14). The modification should 
be simple to make to existing mowers. Thin strips of steel railing are welded to the top of the 
mower casing. The exhaust grass could be aimed away from traffic as mowing is taking place. 
Modification costs should be low. Basic costs would be for the steel strips and the labor to weld 
it. Model testing and field testing would have to be done to lind the required shape and position 
of the ducts. 

(G) Mower with Baffles 
M.T.O.'s may be hit repeatedly between the mower blade and the mower casing before it is 
finally shot out (see FIQ 4.14). The M.T.O. builds up energy on being hit back and forth between 
the casing and the blade. A baffle system built into the casing could trap the rocks and keep 
them from bouncing around. This baffle could be easily constructed by welding a piece of steel 
to the inside of the mower casing . The entire casing of the mower could also be lined with a 
shock absorbing material to dissipate energy that rocks get when they do get hit. However, 
finding a material that is stun::ly enough for this application may be difficult. 
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Fig 4.14. Mower with baHie and ducts 



CHAPTER 5. DESIGN OF FIELD EXPERIMENTS 

All experiments were performed at the Balcones Research Center firstly to determine what type 
of objects are hit by bat-winged mowers and secondly to find what happens to these objects- once 
they are hit. A field was mowed so that an area of about 400 feet by 600 feet could be used. The 
Service Center at the Balcones Research Center was used for fuel, supplies, and for tools needed in 
changing the blades. The experiments were performed to determine the effects of the following 
variables: 

• Object size 
• Object mass 
• Location of object's entry under mower 
• Direction on mowing (forward, backward) 
• Chain and cable guards (with, without) 

While adjusting those variables, blade height. blade type, and blade speed were held constant. Data 
determined from the experiments are as follows: 

• Distance traveled by mower-thrown-objects 
• Direction traveled by object with respect to the mower. 
This data enables the variables of size, mass, and entry point to be related to the distance and 

angle of the object's path. Also, the angle of travel allows the determination of the object's 
approximate exit point from the mower. 

OBJECTS TESTED 

Rocks are the most common type of objects hit by SDHPT mowers and are dangerous when 
thrown because of their weight. Therefore, rocks are important objects to be used for testing. Cans 
and bottles are also common objects encountered during mowing. However, it was found during 
preliminary testing that cans weighted with sand tended to get cut instead of being thrown. It is 
believed that bottles too get shattered instead of being thrown. Bottles were not used for tests 
because of the danger of splintered glass covering the test area. Other common objects considered 
were rubber pieces, wire and wood blocks. Rubber is not considered very dangerous as a thrown 
object while wire is quite the opposite. Wire tends to wrap itself around the blade and fly off at a later 
time unexpectedly. In addition wire wrapped around the blade near the shaft can cause damage to 
the gear box bearing seal. Wood pieces are commonly encountered during mowing and are hit by the 
blade and thrown long distances. Also wooden blocks are easily available and their size can also be 
easily controlled which makes them ideal test objects. 

On the basis of the above considerations, wooden blocks and rocks were chosen as test 
objects. The wooden blocks used in extensive testing are pressure treated cedar measuring 3-1/2 
inches x 3-1/2 inches x 4 inches. Two types of rocks were used in preliminary testing. The first type of 
rock was three to five inch limestone rip rap. These rocks gave positive results in preliminary tests and 
are very common in Texas. The second rock type was 1-1/2 to 4 inch bull gravel. This type of rock was 
found to be too small to be hit by the mower blade. Therefore, of the two types of rocks, only 
limestone rip rap was used in the extensive testing. 

53 



54 

Supplies used in the experiment are as follows: 

• 3-1/2" x 3-1/2" x 4" pressure treated wooden blocks with a weight of about 1 pound. 

• 3" to 5" limestone rip-rap with a mean weight of about 5 pounds. 

• 1-1/2" to 4" bull gravel (preliminary tests only). 

• Aluminum beverage cans filled with sand (preliminary tests only). 

• Red, blue, orange, green, gray, brown, black, and white spray paint to mark the objects for 
testing. 

Preliminary testing indicated that two types of objects should be used; they are four inch cube 
pressure treated wooden blocks and three to five inch limestone rip-rap. 

MOWER AND MOWER MODIFICATIONS 

The tractor used in the experiment was a model 2656 International Harvester. Based on the 
M.T.O. accident reports of 1984, described in Chapter 3, it was found that eighty-five percent of the 
accidents involved bat-wing type mowers. Terrain King mowers were involved in two-thirds of these 
accidents. With this information a Terrain King mower furnished by Terrain King was used in the 
experiments. The mower used was a Terrain King, model TK15-IV, batwing mower with lift blades and 
a 15 foot cutting span (see Fig 5.1). 

The working parts of a rotary mower consist primarily of a drive input shaft, a blade bar, and two 
blades. The connection between the blade and the blade bar is critical to the safety and performance 
of the mower (see Fig 5.2). This nut and bolt joint acts as a pivot about which the blade may swing. In 
this way the blade swings back when it strikes a large or immovable object. The nut and blade bolt are 
strong enough to sustain repeated shocks for the life of the blade, which is typically about eighty 
hours of use. 

In actual use, the blade very rarely swings back. The steel blade currently used has so much 
momentum when rotating at the operating speed of about eight hundred revolutions per minute (or a 
blade tip speed of about one hundred sixty five miles per hour) that only very large objects cause it to 
swing back. Smaller objects may be thrown at speeds as high as the blade tip velocity. These are 
usually deflected by the steel housing or chain guards on the mower. Those objects that are not 
deflected are the source of mower thrown object accidents. The distance these objects are thrown 
can be reduced by lowering the blade momentum. However, a minimum level of momentum is 
necessary to maintain cutting efficiency. 

To reduce the velocity of objects leaving the mower, small chain lengths are hung above 
openings in the front and back of the mower. Chains are used on all bat-wing mowers and considered 
to be the most effective means of reducing M.T.O.'s. In field operation these chains are sometimes 
missing or damaged. Therefore it is important to test the dangers involved in mowing without these 
safety guards. Recently, mower manufacturers have strung cables through lower links in the safety 
chains (see Fig 5.3). When an object strikes a chain the impact is distributed to surrounding chains. 
But, like the chains, the cables are sometimes removed or torn off and not replaced. Therefore, it is 
important to test the reduction in safety associated with the absence of these cables. To study the 
effectiveness of existing safety devices on bat-wing mowers, three test conditions were considered: 
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Fig 5.3. Safety cable through chains 
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( 1) mowing wtth chains and cables 
(2) mowing with chains and without cables 
(3) mowing without chains and wtthout cables. 

EXPERIMENTAL PROCEDURE 

After preliminary testing of different objects by different methods, a set of final procedures were 
developed to run the experiments. A level area of 400 feet by 600 feet was used for mowing in the 
forward and backward directions using wooden blocks and rocks placed at predetermined locations. 
The specific procedure to be following while conducting such tests is described below: 

1. Fifteen equally spaced stations along the mowing width are measured for placing the objects. 
The stations are staggered along the path of the mower as shown in Fig 5.4. As the exact point 
of each station is determined, the point is marked on the ground with paint. Also a straight line 
for the tractor and mower path is painted. 

2. Single objects are placed on the marked stations. Each object used in a run is painted a 
different identifying color. All stations are not used in each run. The odd numbered stations are 
used in the first run and the even numbered stations are used in the second run. 

3. The tractor is used in first gear with a power-take-off speed of approximately 540 rpm. The 
cutting height of the mower is four inches. With these things set, each run consists of running 
over the staggered formation of even or odd numbered stationed objects once. 

4. Objects that are hit by the mower are watched and found. By locating the object and referencing 
its original position, the distance of travel is measured to within an accuracy of five feet and the 
angle of travel is estimated to within 10 degrees. This data is recorded on charts as shown in 
Allen, Rinkevich, and Williams (Ref 25). 

5. Many times an object would be hit and break into pieces, with the multiple pieces all being 
thrown. In these cases data was recorded for partial objects which were at least an eighth of the 
original size. 

6. Each trial consists of two runs (one each for odd and even stations). A test consists of four trials 
in which the object used, mower safety equipment used and mowing direction are held 
constant. 

The tests are repeated under various conditions: with and without chains and cables; forward 
and backward; and over level and uneven terrain. Uneven terrain could cause the blades of the 
mower to cut into the ground thus throwing debris. Also, as uneven terrain is mowed the safety 
chains and side shields may not touch the ground. As all of these conditons can affect safety, further 
development of experiments to test these conditions is desirable. 

The detection of the M.T.O.'s was achieved by using the impact and locate method. The impact 
and locate method used to detect objects thrown from the mower assumed that the path of the object 
is best approximated by a straight line between the original position of the object and a point detected 
outside of the mower. The method involves pulling the mower over objects which are to be hit by the 
mower and locating the objects on the ground after they are thrown. This method requires a large 
open area and is dangerous in that there is no way to control or contain thrown objects. The 
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advantage of this method is being able to determine how much energy is imparted to the object by 
measuring how far the object travels. By tracing the path between beginning and ending points, the 
relative exit position on the mower is also determined. 



CHAPTER 6. RESULTS OF FIELD EXPERIMENTS 

Using the experimental procedure described in the previous chapter, raw data was obtained for 
both rocks and wooden blocks in each of the four types of tests: forward with safety devices, 
backward with safety devices, forward without cables, and forward without chains; see Allen, 
Rinkevich, and Williams (Ref 25) for details. For each object hit and thrown the data gives two 
significant pieces of information viz, distance and direction. Distances are used to measure energy 
and thus compare the relative safety observed in each test. Direction of travel is used to locate the 
exit point and thus indentify problem areas of the mower. Additional information is obtained from 
observable evidence with regard to safety in mowing rough terrain and in raising or lowering of the 
mower's wings. The nature of the results obtained are discussed in the last section of this chapter. 
Details of the fabrication of reduced mass blades and results of field tests using them can be found in 
Bassignani, Lim, and Martinez (Ref 26). 

PROCESSED DISTANCE DATA 

Average distances are found over four trials and charted for each of the fifteen stations on each 
of the four tests. These averages are charted for rocks and for wooden blocks. Maximum distances 
are also found for each of the fifteen stations on each of the four tests. This is done similarly for rocks 
and for blocks. 

For forward testing with blocks, distance of travel is plotted for each of the fifteen stations and for 
each of the four trials (see Fig 6.1). Trials are consistent except at stations 3 and 15. Although 
distance traveled usually can by predicted after several trials, this graph shows the possibility of an 
occurrence of an object traveling a long distance. 

Compadson of Backward and Forward Mowing 

(A) Average Distances for Blocks 
Figure 6.2 allows backward and forward testing to be compared using blocks and their average 
distances. In 11 of the 15 stations, blocks travel a higher average distance in the backward 
testing. Also, the two highest averages are found in the backward testing (nearly 50 feet in 
stations 5 and 6). 

(B) Maximum Distances for Blocks 
The bar chart of Fig 6.3 compares forward to backward testing for blocks by taking into account 
their maximum distances. Testing forward produced the largest distance traveled (102 feet), but 
backward testing produced a longer maximum distance in 10 of the 15 stations. Also, backward 
testing has ten maximums over 25 feet compared to eight maximums over 25 feet for the forward 
testing. This is better seen by considering the average of the maximum at each station. For 
forward testing the average of these maximums is 37.5 feet and for backward testing it is 42.8 
feet. 

(C) Average Distances for Rocks 
The bar chart of Fig 6.4 compares forward to backward testing with rocks using the average 
distance traveled at each station. Rocks consistently travel farther on the average in backward 
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testing; have greater averages in 8 out of 12 stations. Also, three times in backward testing, the 
average is over 50 feet. This is compared to only once that the average is over 50 feet for the 
forward testing . 

(C) Maximum Distances for Rocks 
In testing with rocks and using maximums, forward and backward tests are compared in Fig 6.5. 
Backward testing has a higher maximum in almost every station. Backward testing also has 
maximums over 50 feet four times. This is compared to the one time in forward testing in which 
the maximum is over 50 feet. The greatest maximum in backward testing is 200 feet, nearly three 
times the greatest maximum found in forward testing. The higher maximums in backward testing 
for rocks become even clearer if we look at the average of the maximum at each station. The 
average of these maximums for forward testing is 22.4 feet and for backward testing it is 66.6 feet, 
or three times that for forward testing. 

Thus, in all data for testing with both rocks and blocks in forward and reverse, the conclusion is 
reached that backward testing causes objects to be thrown farther than does forward testing. 
Both the data for maximum and average distance traveled support this conclusion. 

Compadson of Test Resutts With and Without Safety EQuipment 

(A) Average Distances for Blocks 
Figure 6.6 allows for the comparison between three tests: (1) with all safety devices, {2) without 
the cables and {3) without the chains. This figure is a bar chart showing averages at each station 
for blocks in a forward test. Testing done without chains has the highest averages in 12 out of 15 
stations. This test also has the 1 0 highest averages overall. In addition, the average is 270 feet at 
station 15 or nearly seven times any average in any of the other tests. Comparing testing done 
without cables to testing done with all safety devices, it is seen that in 9 stations out of 15 the 
testing without cables produces a higher overall average of the two tests. Also, the tests without 
cables have the higher overall average of the two tests {nearly 50 feet). 

{B) Maximum Distances for Blocks 
The bar chart of Fig 6.7 compares maximum distances traveled in testing done with blocks for the 
conditions of without cables, without chains, and with all safety devices. Testing without chains 
has the greatest maximum in 13 of the 15 Stations. It also has seven maximums over 100 feet. In 
contrast, testing without cables and testing with safety devices has one and zero maximums over 
100 feet respectively. Comparing testing done with all safety devices to testing done without 
cables, it is found that testing with safety devices has the higher maximums of the two tests in 
seven stations and that testing without cables also has the higher maximums of the two tests in 
seven stations. 

The trends between these tests for blocks can also be seen by looking at the average of the 
maximums (see Ref 25, Appendix B). In testing done with safety devices, the average of the 
maximums is 37.5 feet, in testing without cables it is 36.1 feet, and in testing without chains it is 
88.8 feet. Thus, in tests using blocks, testing without chains clearly has the highest maximums 
while testing without cables and testing with all safety devices have about equal maximums. 

{C) Distribution of Distances for Blocks 
Figure 6.8 is a distribution chart which places each object hit into six distance ranges and gives 
the percentages of total objects hit in each range. In this figure it is seen that a large percentage 
of the blocks hit in testing without chains go a long distance. Four percent of the distances 
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traveled by the blocks in this test are over 151 feet, 23 percent are over 101 feet. and 35 percent 
are over 81 feet. In comparing this with the travel distances for blocks in testing with all safety 
devices, it is seen that 3 percent are over 81 feet and none of the distances are over 101 feet. If a 
comparison is made between testing without cables to testing with safety devices little difference 
can be seen in percentages of objects hit into each of the six distance ranges. 

(D) Average Distances for Rocks 
Average distances for testing with rocks are compared in Fig 6.9 for the tests of safety devices 
used, without cables, and without chains. Testing without chains produces the highest average 
in 9 of the 13 stations. Furthermore, testing without chains has averages over SO feet in five 
stations. This is observed for each of the other tests in only one station each. When comparing 
averages of testing without cables to testing with safety devices, it is noted that in four stations 
testing without cables has averages over 20 feet; this is observed in two stations for testing with 
safety devices. 

(E) Maximum Distances for Rocks 
The bar graph of Fig 6.1 0 is a comparison of maximum distances traveled by rocks in each station. 
Shown in this graph are testing with safety devices, testing without cables, and testing without 
chains. In 9 of 12 stations in which the averages are non-zero, testing without chains has the 
greatest maximum. It also has 5 of the 6 overall highest maximums, all of which were over 100 
feet. Testing without cables has the highest maximum (250 teet) of the three tests. This 
maximum is three times the highest maximum in testing with safety devices. However, the testing 
without cables and the testing with safety devices are equal in the number of stations in which 
one test has a higher maximum than the other (6 stations to 6 stations). 

Once again the average of the maximums at each station is computed to gain a clearer 
perspective in comparing the maximums. For testing with rocks the average of the maximums is 
22.4 feet when all safety devices are used, 75.0 feet when cables are not used, and 116.1 feet 
when' chains are not used (see Ref 25, Appendix 8). Therefore, the test without chains 
consistently produces the highest maximums. In addition, testing without cables produces 
higher averages of the maximums than does testing with the safety devices due to the unusually 
high maximum of station 10. 

(F) Distribution of Distances for Rocks 
Figure 6.11 groups each object hit into ranges based on distances traveled and shows the 
percentage of the total hit which fall into each range. Overall, it is seen that in testing rocks 
without chains, 24 percent traveled over 1 01 feet and 68 percent traveled beyond 40 feet. This 
is to be compared with 0 percent beyond 101 feet and 10 percent beyond 40 feet in testing with 
safety devices, and 8 percent over both 40 feet and 100 feet for testing without cables. It is seen 
that nearly 10 percent of the rocks thrown in testing without cables travel beyond 51 feet. while 
none of the rocks travel this distance in testing with safety devices. Also 33 percent of the rocks 
in testing without cables traveled between 21 and 40 feet; whereas, only 10 percent in the 
testing with safety devices fell into this range. 

In summary, all testing done with rocks and blocks give the result that operation of the mower 
without chains will produce the longest object travel. This is supported by maximum distances, 
average distances, and by the distance distribution. However, the distinction between using the 
cables during operation and not using them is not as clear. For block testing, the results from 
maximum distances and the distance distribution allows the conclusion that there is virtually no 
difference between using and not using the cables. However, tor blocks there is a slight increase 
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in average distance when the cables are not used. For rock testing average distances and 
maximums distances are slightly greater in testing without cables. The distance distribution also 
supports the conclusion that rocks travel slightly farther without the cables than with the cables. 

PROCESSED DIRECTION DATA 

For each test the direction of object travel was taken with its distance and made into a vector. 
These vectors are placed at the object starting point in each station. All of the vectors in each test are 
combined into a vector diagram. The outline of the mower is superimposed over the origin of each 
vector so that an estimate of the exit point can be made. The length of the vectors do not necessarily 
represent the actual distance traveled. In order to present the diagrams many longer vectors are not 
shown to true length. 

Vector diagrams are shown in Fig 6.12 and 6.13 for the base test which is the forward test with all 
safety devices. The test with rocks has few objects exiting the mower but the objects exit out the rear 
sections near the wheels (see Fig 6.12). The tests with blocks have many objects exiting the mower 
and once again most exit out the rear near the wheels (see Fig 6.13). 

The pie charts of Fig 6.14 and 6.15 allow for the numerical analysis of the vector diagrams. In Fig 
6.14 rock test results are examined. Here 70 percent of the rocks exit the rear sections of the mower, 
30 percent of these out the rear right and 40 percent out the rear left. Fig 6.15 is a chart of block test 
results, from which it is found that 74 percent of the objects exit the rear of the mower, 33.3 percent 
exited the left while 51.3 percent exit the right rear of the mower. Also 62 percent exit the right side 
of the mower with only 38 percent exiting the left side. Therefore, most objects exit the rear sections 
of the mower and more objects exit the right side than the left side of the mower. 

Vector diagrams of tests without cables emphasizes the trend that more of the objects exit the 
rear of the mower than the front and that more objects exit the right side of the mower than the left 
side . However, when chains were taken off the mower many more objects exited the front sections of 
the mower. 

OBSERVABLE EVIDENCE 

Under certain terrain conditions the chains and side skirts are no longer close to the ground. 
Therefore, objects can exit through these openings undeflected. This occurs when the wings are not 
level with the rest of the mower and when the mower is operated along an incline. On a negative 
slope the side skirt can be lifted away from the ground leaving an opening (see Fig 6.16). The chains 
can be raised off the ground when a wing is on a positive slope (see Fig 6.17). Also, when the mower 
travels along an incline the chains can swing to one side revealing an opening (see Fig 6.18). 

Although numerical data is not obtained for testing the movement of wings due to problems of 
consistency in testing, this situation was observed in informal testing. It is noted that as the wings are 
lowered when the blade is in gear the chances of hitting an object on the ground under the wing 
seem to increase. This happens when the blade hits an object before the wing and its chains are 
completely lowered. Similarly, if mowing is done with one wing in the upward position, the other 
blades can hit an object sending it out the side of the raised wing. 

DISCUSSION OF RESULTS 

The results of :he tests performed show that the safety devices (chains, cables, skirts, etc.) on 
current mowers are effective in normal use. The mower, when used properly and with care, is 
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Fig 6.12. Vecto1 diagram for testing with safety devices and rocks (forward) 
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Fig 6. 1 J. Vector diagram for testing With Safety devices anc~ blocks (forward) 
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RIGHT FRONT 
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RIGHT REAR 
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Fig 6.• 4. Percentage of rocks exiting the mower in each direction for testing with safety devices 
(forward) 
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Fig 6. 15. Percentage of blocks exiting the mower in each direction for testing with safety devices 
(forward) 
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Fig 6.16. Hazardous gaps created when mowing on a negative slope 
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Fig 6.17. Hazardous gaps created when mowing on a positive slope 
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Fig 6.18. Hazardous gaps created when mowing on an incline 
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relatively safe. However, the safety devices cannot stop every object from being thrown from the 
mower. Under certain conditions the mower is more likely to throw an object. 

When used in a forward direction the mower tends to throw objects out to the back of the 
mower. This is mainly due to the way in which the cutting height is set for the mower. The height of 
the rear of the mower is set 1 inch higher than the front. The resulting angle tends to force the objects 
that are hit forward, down slightly so that the chains are more effective in deflecting them to the 
ground. Also, objects hit forward may get hit again and finally end up going out the back of the mower. 

The chains around the mower are held by chain guards (see Fig 6.19). The chain guards are 
solid down to about the level of the blades. The chains are attached below this point. When objects 
are thrown forward by one of the blades, the chain guards tend to either deflect it down or backward 
into the mower. This prevents most objects from being thrown forward and serves to crush larger 
objects by repeatedly subjecting them to the impact of the blades. A comparison of the tests 
performed with chains and those without shows that without both chains and chain guards, many 
objects will be thrown forward. Also, the objects thrown in these tests were very large. Sometimes 
the entire rock or block was thrown. This shows the effectiveness of the front chain guards and chains 
in preventing objects from exiting this area. 

Of the objects leaving the rear of the mower, most tend to exit to the right side. The direction of 
rotation of the blades is responsible for this. The left and center blades rotate counterclockwise, 
therefore objects hit to the rear of the mower are thrown to the right (see Fig 6.20). The clockwise 
rotation of the blade on the right will tend to throw objects left but the number of objects thrown from 
the left blade is less than from the other two (see Fig 6.13). Without chains, the center and left blades 
tend to throw the object to the left if the object exits the front (see Fig 6.21 ). Similarly, the right blade 
will throw objects to the right if they leave the front (see Fig 6.22). 

One of the safety devices used on mowers is running cables through a lower link in the chains 
(see Fig 5.3). The test results do not show a significant effect in reducing the distance a lighter weight 
object (wood) is thrown. Objects much less massive than the chains are not effected much by the use 
of the cables. The cables do seem effective in reducing the distance a heavy object (rock) is thrown. 
The cables help the chains act as a curtain and increases the effective mass of the chains. The 
amount of data obtained was small, so the tests do not show its effect conclusively. Data was difficult 
to collect when cables were used because the cables tended to push most movable objects out of 
the way thus keeping them from getting under the mower. 

When the terrain is such that the wings of the mower are not horizontal, mowing can be 
dangerous. Under these conditions the chains and side skirts do not always stay close to the ground 
(see Fig 6.16, 6.17, 6.18). When this occurs, an object can easily leave the mower through one of 
these open areas. 

Another dangerous condition is that of raising and lowering the wings during mowing. This 
becomes dangerous for two reasons. If the wing is in the upward position, the side guard and chain 
guards are also raised off the ground on this side leaving a large gap for objects to escape the mower. 
The blade may also hit objects as it is lowered before the side and chain guards reach the ground. 

The tests also show that operation of the mower while backing is a dangerous condition. 
Objects are thrown farther when the mower is used in a backward direction than when it is pulled 
forward. Objects that enter the mower from the back tend to exit the mower immediately after being hit 
because the back is higher than the front providing less resistance to the object's flight. 
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Fig 6.20. Relationship between rotation of left and center blades and direction of objects exiting 
rrower 
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Fig 6.21. Relationship between rotation of left and center blades and direction of objects exiting 
I'TlONer without safety devices 



Fig 6.22. Relationship between rotation of right blade and direction of objects exiting mower 
without safety devices 
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CHAPTER 7. CONCLUSIONS AND RECOMMENDATIONS 

Based on the work discussed in the previous chapters this chapter presents the conclusions 
made by the authors and makes recommendations for reduction of mower thrown object accidents. 
Recommendations for future work are also presented. The conclusions and recommendations are 
categorized under (A) alternative mowing equipment, (B) changes to mowing standards and (C) 
modifications to the bat-wing rotary mower (Terrain King). 

ALTERNATIVE MOWING EQUIPMENT 

1. Accident data analysis has shown that rotary mowers are the worst offenders as far as the MTO 
problem is concerned and hence other mowers or chemical control must be deployed instead in 
high risk areas. 

2. The rotary disc mower being used by the Minnesota State Highway Department has shown 
promising results as far as productivtty is concerned. The discs and the cutting elements have 
much lower moments of inertia than the cutting bar blades of the rotary mowers. The analysis of 
blade-object impact has showed that a reduction in the moment of inertia of the blade reduces 
the M.T.O. discharge velocity. Therefore the rotary disc should be a safer mower from a M.T.O. 
view point. Furthermore the Minnesota State Highway Department has stated (details in Ref 1 0) 
that the disc mower causes less M.T.O. accidents than the flail and rotary mowers and surpasses 
the flail and rotary mowers in productivtty. Thus, the rotary disc mower, with the combination of 
higher productivity and safer operation offers an attractive alternative to the rotary blade mower. 

CHANGES TO MOWING STANDARDS 

1. Near1y all the changes made in the past on rotary mowers (garden type) have been a modification 
in the blade or the housing. However, most states have reported to SDHPT in their reponse to 
inquiry by SDHPT that they regard the height of cut as a major contributing factor to MTO 
accidents. Furthermore the states have reported that the operators tend to reduce the height of 
cut in the field. With a reduction in the height of cut, smaller debris that would have otherwise 
escaped the rotating blade, will now be struck by the mower blade and discharged. Specifying a 
greater height of cut of around 6 inches, possibly aided by a mechanism that flashes a warning 
light when the blade comes into contact with an object other than grass could be useful; a better 
method of height adjustment is being considered by engineers at Terrain King. 

2. Field experiments wtth the Terrain King rotary mower (Chapter 6) show that the majority of the 
debris exits the right side rear of the mower and thus makes this area extremely dangerous. It is 
recommended that tractor/mower drivers be made aware of this danger zone so they avoid 
placing co-workers or the public in this area. In addition, mowers should be orientated so they 
move against traffic. Statistics show that this is the safest way to mow. In this configuration, the 
motorist and any M.T.O. will be traveling in the same direction, so the impact velocity from the 
M.T.O. is lessened. Mowing against traffic may not always be possible, but should be practiced 
for the first two passes along the roadside. 
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3. It is found from field experiments that mowing without safety chains is significantly more 
dangerous than mowing with them, and that mowing without the cables that are strung through 
safety chains is slightly more dangerous than mowing with them. Hence, existing mowers 
owned by the SDHPT should be maintained or upgraded to the standards used for purchasing 
new mowers. Further, it is recommended that the field experiments designed in Chapter 5 be 
adopted as a tentative standard for testing and evaluating future mower acquisitions. 

4. It was observed during field tests that mowers encounter certain dangerous conditions due to 
the terrain. These conditions cause gaps to occur in or below the chains, thus leaving easy 
openings for objects to exit. Terrain that causes these conditions to occur should be identified 
to tractor drivers so they know when to exercise extra caution in mowing. Extra caution should 
also be exercised when mowing backward or with the wings raised. Field testing has shown 
backward mowing to be slightly more dangerous than forward mowing and that dangerous 
conditions are created by mowing with the wings raised or as they are moved up or down. These 
results have of course, been obtained from tests with a Terrain King mower and their general 
applicability must be determined after further testing. 

MODIFICATIONS TO BAT-WING ROTARY MOWER (TERRAIN KING) 

1. Analysis of the blade-object impact phenomenon (Ref 1) has shown that a reduced mass blade 
can reduce the momentum transferred to M.T.O.'s. Field experiments with various blade 
materials and geometries (Ref 26) has shown that this is indeed so with a shortened blade made 
of steel or a lighter material (Aluminum, Kevlar reinforced epoxy) (see Fig 7.1). Futher testing 
would be required to determine grass cutting effectiveness and blade life. 

2. Field experiments having shown that safety chains are fairly effective in guarding exists from 
M.T.O.'s. It is recommended that an additional row of protection to the back of the mower offset 
behind the chains be provided. This is recommended due to the high number of objects which 
exit from that area. This second row could be made of canvas and stretched to drape over bars 
holding it away from the chains or another row of chains could be extended with these bars (see 
Fig 7.2). These ideas still need to tested and evaluated. 

3. The duct and baffle design ideas (Ref 2 and 24) also seem promising. It is recommended that 
further tests be performed using baffles and ducts with an actual mower (see Fig 7.3). An 
additional test which could also prove beneficial is to try the same experimental procedures on a 
similar mower with opposite wing blade rotations (see Fig 7.4). Results should show if one 
rotation direction is safer than another. 
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Fig 7.1. Shortened steel blade geometry 
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APPENDIX B: ORGANIZATIONS CONTACTED FOR INFORMATION ON MOWERS 

The following organizations were contacted by telephone for information and data on highway 
mowers. As mentioned in Chapter 2, none of the below-mentioned organizations maintain any 
information on large rotary mowers used by Highway Departments for their mowing operations. 

1. Consumer Product Safety Commission. Washington D.C., 
2. Occupational Safety and Health Administration (OSHA). Washington D.C .. 
3. National Safety Council, Chicago, Illinois 
4. Outdoor Power Equipment Institute, Washington D.C., 
5. Institute of Agricultural Medicine, University of Iowa, Iowa City, Iowa. 
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HIGHWAY MOWING STANDARDS 

Introduction 

The purpose of these mowing standards is to attain uniform 
maintenance of highway vegetation with appropriate priorities for 
safety and appearance, with maximum economy in these operations. 
They prescribe a high standard for mowing which is needed to 
provide lateral clearance and sight distance. High standards are also 
prescribed for built-up urban areas. In other areas, full width mowing 
is reduced in the interest of economy. Higher cutting heights are 
prescribed to improve the vegetation, increase the capacity of 
mowing equipment, reduce the hazard of flying objects, and avoid 
exposing small litter to view. Maximum height standards are given to 
promote uniformity and reduce excessive mowing. Provisions are 
made for special purpose mowing, such as; for control of brush and 
noxious weeds, for reduction of ftre hazards, and for erosion control. 

1 



WILD FLOWER PRESERVATION 

Full width right-of-way mowing shall be deferred until the early 
spring flowers have matured seed. In the area where Bluebonnet and 
Indian Paintbrush grow this will mean about six weeks after the 
height of their blooming period. Mowing should begin in the 
Southern portion of the District to allow more time for the flowers 
to mature seed in the Northern part since spring travels northward at 
an approximate rate of fifteen miles per day. There may be other 
varieties of wild flowers that will bloom a bit later that will make a 
mass display and consideration should be given to permitting their 
growth when they are not heavily invaded with tall growing weeds 
and grasses. During this period mowing shal1 be limited to a single 
pass of a single rotary or sickle mower adjacent to the pavement to 
provide for safety. 

2 
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SHOULDER STRIP MOWING 

Shoulder Strip Mowing is defined as the area including the shoulder 
plus a minimum of five (5) feet to a maximum of fifteen (15) feet 
measured from the crown line. This area shall be mowed as often as 
necessary for maximum safety and conformance with height stan
dards. On low traffic FM and RM roads a five (5) foot strip will 
normally be adequate. 

3 



TRANSITION MOWING 

Transition or contour mowing should be exercised to provide 
adequate sight distances for signs or obstructions greater than fifteen 
(15) feet from edge of shoulder and to avoid abrupt changes in width 
of mowed area. 

4 
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SAFETY MOWING 

Mowing shall be performed where needed to maintain sight distance; 
such as inside curves, off ramps, on ramps, intersections, and private 
entrances. 

s 
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RURAL MEDIANS 

The entire area of medians and outer separations which are less than 
seventy (70) feet in width shall be mowed. On these areas which are 
over seventy (70) feet in width, only Shoulder Strip Mowing shall be 
performed. The seventy (70) feet shall be measured from the edge of 
the traffic lane. 

6 
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RURAL INTERSECTIONS 

Mowing shall be performed over all areas within the right-of-way 
necessary to provide adequate sight distance. 

7 



OTIIER RURAL AREAS 

On fin section~, no mowing at an may be necessary, other than 
Shoulder Strip Mowing ; however a strip should be mowed far 
enough down the slope, to insure that the height of natural growth 
will not exceed the height of the crownline. 

Normally, Shoulder Strip Mowing will be adequate in cut sections; 
however, mowing should be performed across the ditch to the 
beginning or base of the backslope at deep cuts where the distance 
from the crownline to the ditch is not excessive. 

IICM SECTION 
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CUTTING HEIGHTS 

In urban areas the minimum height of cut for turf forming grass, 
such as Bermuda, St. Augustine, and Centipede, should be three (3) 
inches. The same kind of grass or a mixture of it with other grasses in 
th~ rural area should not be cut lower than five (5) inches. In the 
Western part of the state where we may have Bermuda or Kentucky 
Blue Grass under irrigation and Buffalo or Curly Mesquite Grass 
under natural conditions in urban areas, the height of cut should not 
be lower than three (3) inches for these turf forming grasses. Where 
bunch grasses such as Grama, Western Wheat, Green Sprangletop and 
others are predominant the height of cut should not be lower than 
seven (7) inches whether it be in an urban or rural area. 

TURF GRASSES 
Examples: 

·Bermuda 

· St. Auqusllne 

· Cent1pide 

· Buf1ola 

• Curly MesQuite 

MINIMUM CUTiiNG HEIGHT 

·Urban-"!" 

·Rural- !5" 

Tu•f qrossn qrow by send1ng out low 
grc•r~nq runners wh1ch IO~e root at 
JOints coiled stolons where ne .. pionts 
l'tll've forrred. Tne 3" to !5" cu11>r.; ne,Qht 
will not ol'lterfere with the heOIII'Iy {lrt~Wtl'l 
o! tne plant sonce tne mo1or pon,on of 
tl'le 1eof surface remo1ns. 

9 

BUNCH GRASSES 
Exomp~ts: 

· Grama 

• K.R. Bluestem 

· Green Sprongltlap 

· Western Wheat 

Buncl'l qrosses soreod by increos1nQ 
tne s,ze of tne 1eof oreo ( bun~nl 
ooove Qrounc. The root system 
does not sprecd from rts oroq,nol 
1ocot10n. Tne hie of the QI'OSS •S 
oepenoent on tne 1eof oreo providil'lg 
"'ffocoent food to support tl'le root 
system. For th;s reosol'l it '' essential 
to l'tll've o htQner mtnHT'IUm c:utlinQ 
ht•qnt. 



HEIGHT STANDARDS 

In areas where mowing is required, other than full width mowing, it 
shall be performed when the vegetation has reached a height of 
twelve (12) inches, except on low traffic FM and RM roads where a 
height of fifteen (15) inches shall govern and in those urban areas 
where lower heights are necessary to maintain grass cover at desired 
standard. 

URBAN AREAS 

Mow all portions of right-of-way as often as is necessary to provide a 
pleasing appearance consistent with the appearance of abutting 
property. Urban area shall be defined as developed areas adjacent to 
and within cities and small towns. Mowing shall be performed in 
accordance with Municipal Maintenance Agreements where appli· 
cable. 

FULL WIDTH MOWING 

The full width of the right-of-way should normally be mowed only 
once each year. However, on major highways in areas with heavy 
rainfall and lush spring growth it may be necessary to mow the entire 
right-of-way twice each year. The first full width mowing should be 
performed after the wild flowers season and again in the fall if 
considered to be necessary. In areas of less than fifteen (15) inch 
normal annual rainfall, full width mowing will not normally be 
needed. 

10 
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HERBICIDES 

Herbicides should be employed around sign posts, delineators, 
guardrail and other obstructions to minimize hand mowing. 

MISCELLANEOUS 

The area behind guardrails should be mowed for a sufficient width to 
prevent encroachment of vegetative growth. 

Mowing should be performed as necessary to control brush or 
noxious weeds, reduce fire hazard and aid in developing sod cover on 
newly sodded areas or new construction. 

In highly developed areas mowing commensurate with the abutting 
property should be performed. 

11 
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MO\ollHG 

I. INTRODUCTION 

THE PRII".ARY GOAL IN MANAGWG HlGH\oiAY VEGETATION IS TO ESTABLISH 
PERSISTENT VEGETATIVE COVER \oiiTH DENSE CANOPIES OF A DESiKABLE 
AESTHETIC VALUE, REQUIRING UTTLE DR NO MAINTE~ANCE AFTEK CON
STRUCTION IS C:MPLEiED. lF THE SLO?E CONSTRUCTION, SOIL PREP
ARAiiO~. SOIL ~~E~DME~TS AND SEEDI~G PRACTICES ARE FULLY !I"PLE
ME~TED THEN A DESIRABLE VEGETATIVE COVER CAN BE ESTABL!S~EQ. 

M::J'JI~<G HIGHwAY CORRIDORS IS AN EXPENSIVE OPE~ATION RECU!;:(HJG 
SPE:IAL ANO COSTLY MECHANICAL EQUIPMENT, LABOR, AND FOSSIL 
FUEL. MO\ollNG HIGH'JAYS SUBJECTS PERSONNEL AND TRAVELERS :-o 
POSSIBLE ACCICE~HS. THUS, A MINIMUM MO'<IING SCH:JULE WILL 
RECUCE TRAFFIC HAZARDS, LABOR, REPAIRS, EQUirMENT, ANO FUEL 
COS iS. THE MO~;EY SAVED ON JUDICIOUS, MINII".UM MO'.W>G FKEC'JC:N-
CIES CAN BE USEQ I=OR MAU<TENANCE OF OTHER HIGHWAY FIXTURES. 

THE MO'<IING STA~;QARDS OF THE TEXAS STATE DE?ARTMENT OF H!GH'JAYS 
AND PUBLIC TRA~S~ORTATICN ADOPTED IN JANUARY 1970 HAS BEEN A 
VERY WORKABLE AND VIABLE 'NAY TO MAINTAIN THE VEGETATION A.l..C~iG 
TEXAS HIGHwAYS. HOWEVER, THESE MOWING STANDARDS HAVE USUALLY 
BEEN INTERPRE7 ED IN THE HOST LIBERAL MANNER AND CGNSEGUE~TLY 
HO'<IH~G I=KCM Ri3Hi-OF-IoiAY LINE TO RIGHT-OF-wAY W<E HAS 3E:~ THE 
CC~~ON PRACi!C~ WITH LITT~E REGARD FOR THE VEGETATION OR A~~ 
PEAi\ANCE OF A:.,;A:~IH PR:JPERTY. 

INTERPRE7lNG iHE ~OWING STANDARDS IN THE FOLLG'<I!NG MANNE:( WILL 
ALLO'N THE HA!~TENANCE PERSONNEL TO MOW FOR AP?EARANCE. SAFETY, 
WI LDFLO'Io'ER P;;ESEi<VATION. ~lOX IOUS WEED CONTROL, AND ALLOW THE 
RIGHT-OF-wAY TO BECOME CO~PATIBLE WITH ADJACENT ?ROPE~TIES. 

A. WILDFLO~ER PRESERVATION 

IN AREAS ·~·r~Ei\E FULL '<IIOTH MOWING WILL BE ~lECESSARY SiJ:H AS 
CULi!VA~E:J rAK~LANOS. URBAN AREAS, ANO TC'o~lSHIPS. IT SHALL 
BE DEFEI\F.ED uNTIL THE EARLY SPRING FLO' .. ERS HAVE I".ATi.ii\EJ 
SEEDS. !N THE BLUE50NNET AND INDIAN PAINTBRUSH AREAS THIS 
WILL BE A?~ROXI~ATELY FOUR (4) WEEKS AFTE~ THE BLCC~S FAOE. 
TfiERE M.:. Y 5E OTHEi\ '"I LOFLO'<IEi\S IN THE AREA THAT WIL:. SLCCM 
LATE~\ A1;Q Si-iALL NOT SE MOWEQ. DURING THIS ?ERICD OF ..-ILD
FLC'.iER ?;;EE~'/AT!GN, ~OWING SHAL'- BE LIM!Ti:\) TO A s::;GLE 
PASS 01= A SI:;GlE ROIA~Y OR SICKLE MOWER ADJACENT TO THE 

l-5 

121 



122 

PAVE~ ...... T FOR SAFETY. G01D W! LDFLOWER .... EAS SHALL HAVE ONE 
FULL WIDTH MOWING IN THE FALL. 

B. SHOULDER STRIP MOWING 

SHOULDER STRIP MOWING IS DEFINED AS THE AREA INCLUDWG THE 
SHOULDER PLUS A MINIMUM OF FIVE (5) FEET TO A MAXIMUM OF 
FIFTEEN (15) FEET MEASURED FROM THE EDGE OF THE PAVEMENT. 
THIS AREA SHALL BE MOWED AS OFTEN AS NECESSARY FOR MAXIMUM 
SAFETY AND CONFORMANCE WITH HEIGHT STANDARDS. ON LOW TRAF
FIC FM AND RM ROADS A FIVE (5) FOOT STRIP WILL NORMALLY BE 
ADEQUATE. 

C. TRANSITION MOioiH:G 

TRMiSITION OR CONTOUR MOWING SHALL BE PERFOR~~ED TO PROVIDE 
ADEQUATE SIGHT DISTANCE FOR SIGNS OR F!XTURES GREATER THAN 
FIFTEEN (15) :EET FROM EDGE OF THE SHOULDER. ABRUPT 
CHA~iGES IN THE MOWING PATTERNS SHOULD BE AVOIDED TO LESSEN 
VISUAL IMPACT. 

D. SAFETY MOWH:G 

SAFETY MOWING SHALL BE PE~FORMED WHEN AND WHERE NECESSARY 
TO MAINTAIN SIGHT DISTAI.CES; SUCH AS INSIDE CURVES, OFF 
RAMPS, ON RAM?S, INTERSECTIONS, AND PRIVATE ENTRANCES. 

E. RURAL MEDIANS 

THE ENTIRE AREA OF MEDIANS AND OUTER SEPARATIONS WHICH ARE 
LESS THAN SE'JE~TY (70) FEET IN WIDTH SHALL BE MOWED UNLESS 
THE GRADE IS TOO STEE? OR THE AREA IS COVERED WITH DESIRA
BLE TREES. SH~UBS, ETC. ON MEDIANS AND OUTE~ SEPARATIONS 
WHICH ARC: ~OK: THAN Sc.'!Et;TY (70) FEET IN WIDTH; ONLY TRANS
n;c~: AND SHD:J:.DER STRIP MO'n'ING SHA:..L BE PEriFDRMED. THIS 
A??~!ES TO ALL DIVIDED HIGHWAYS INCLUDING STATE, U. S. AND 
HiE=lSTATE H!Gfi'.."AYS. THE SEVENTY (70) FEET SHALL BE MEA
SURED FROM Tht EDGE OF THE TRAFFIC LANE. 

F. RURAL INTE~SECI!ONS 

HOWl ~;G SHALL SE PERFOR~£0 OVER RURA!. li\TERSECTION OR INTER
CHAI\3E AREAS AS NECESSARY TO PROVIDE ADEQUATE SIGHT 
OlSTANCES. 

l-5 



G. OTiiErl !\URAL AREAS 

ON FILL SECTIONS MOWING ~ILL NOT BE NECESSARY, OTHER T~~~ 
SHOULDER STRIP MOWING. 

SH8ULDER STRIP MOWING ~ILL aE ADEQUATE IN ~ur SECTIC~S; 
HO~E~ER, MO~ING SHALL aE ?E~FGRMED ACROSS THE JITCH L!~E 
TO THE BEGINNING OR BASE OF THE BACKSLOPE AT DEE? CUTS 
WHE~E THE DISTANCE FROM !HE EDGE OF THE PAVEMENT TO THE 
DITCH BOTTOM IS NOT EXCESS;VE. 

H. CUTTING HEIGHTS 

IN URBAN AREAS THE MINIMUM HEIGHT OF CUT FOR TURF FOR~I~G 
GRASSES, SUCH AS BERMUCA, ST. AUGUSTINE, A~D CE~T!PEDE 
SHALL BE FOUR (4) INCHES. THESE SAME GRASSES OR A MIXTURE 
OF THESE OTHE~ GRASSES :N RURAL AREAS SHALL 2E CUT TO A 
HE:GHT OF SIX (6) INCHES. IN UREAN AREAS OF T~E ~Es-E:N 
PART OF THE STATE, TURF FORMING GRASSES SUCH AS aE~MUOA :R 
KENTUCKY BLUE GRASS UNDER IRRIGATION CONDITIC~S AND 8JF
FAL.GGRASS OR CURLY MESQUITE GRASS W>DER NATURAL CONDIT:CIS 
SHALL BE CUT TO A HEIGHT OF FOUR (4) INCHES. BUNCH GRASSES 
SUCH AS GRAMA, \riES TERN w11EAT, GREEN S?RANGLETOP, M;D ..: _ R _ 
BLUESTEM SHALL BE CUT TO A HEIGHT OF SEVEN (7) INCHES ~HE
THE~ IN URBAN OR RURAL AREAS. \riHE~E K.R. BLUESTEM IS THE 
PRE:OM!NANT GRASS IT SHAL~ NOT BE MO~ED IN THE FALL UNT:L 
AF-ER THE FiRST KILLING FRCST. 

!. HE:GHT STANDARDS 

IN AREAS WHERE MOWING IS RECU!RED, OT~ER THAN FULL WI:-n 
MG~ING, IT SHALL SE ?ERFO~MEC WHEN THE VEGE-ATiON HAS 
RE~CHED A HE!GHT OF TWELVE (!2) INCHES EXCE?i CN LO~ 7~~=
FIC ~M AND RM ROADS WHERE A HEiGHT Or FIFTEEN (l5) :~:HES 
SHA~L GOVERN. 

J. u;;,:J!.N AREAS 

MC~ ALL ~ORTIONS OF THE RIGHT-OF-~AY AS OFTEN AS NECESs,:.;y 
TO ~~OVIDE A PLEASING A?PEA~ANCE CONSISTENT ~!TH THE AP
PEARANCE OF ADJACENT PRG?E~TY. URBA~ AREAS SHALL 6E JE
F!\ED AS DEVELOPED AREAS ADJACENT TO AND W!T~:N CITi~S !\J 

TC~NS. MOWihG SHALL BE PE;FQ~MED IN ACCCRDA~CE WITH ~~~;
Ci?AL.MAINTENANCE AGREE~ENTS WHERE APPLICAELE. 

K. FULL WIDTH 1-'C . ..'ING 
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FULL WIDTH ~::>·.,q~;G WILL C~LY BE REQUIRED IN URBAN AREAS, 
CULTIVATED FA~M AREAS,AND ~ROMINENT WILDFLOwER AREAS. IN 
THE FARM AREAS, THE RIGHT-OF-WAY SHALL BE FULL WIDTH MOWED 
AFTER THE WILDFLOWERS HAVE MATURED SEEDS AND AGAIN IN THE 
FALL OR AS NEE!JED TO CONTROL NOXIOUS WEEDS. IN OTHER WILD· 
FLOWER AREAS THE FULL WIDTH MOWING SHALL BE PERFORMED ONE 
TIME IN THE FALL. IT IS DESIRABLE IN URBAN AREAS WHICH 
HAVE GOOD WILSFLOWERS, TO DELAY FULL WIDTH MOWING UNTIL 
AFTER THE SEE::lS ARE ~~TURE AND THEN MOW AS NECESSARY. THE 
AREAS RECEIVING ONLY STRIP MOWING AS rmHIDNED IN PREVIOUS 
PARAGF.APHS SHALL BE ALLC'JED TO REVEGETATE WITH VEGETAl !Otl 
NATIVE TO THE AREA. AS THIS REVEGETATION DEVELOPS, THE 
RIGHT-OF-WAY WILL BLEND WITH THE ADJACENT PROPERTIES. 

L. MISCELLANEOUS 

MO~!NG SHALL BE PERFOR~EJ AS NECESSARY FOR SAFETY IN WILD
LIFE CROSSINGS, TO CONT~OL NOXIOUS WEEDS, AND AID IN DEVEL
OPING SOD COVE~ ON NE\o.'LY SCJDEO AREAS OR NEW CONSTRUCTION. 

RIGHT-OF-WAY ADJACENT TO RAILROAD RIGHT-OF-WAY SHALL ONLY 
BE SHOULDER S~RIP MOWED. 

REST AREAS AND PICNIC AREAS SHALL BE MOWED IN A MANNER TO 
ltlSURE SAFETY FOR THE TR!,VELING PUBLIC. HOWEVER, MO';ilNG 
PA !TERNS SHAL:.. SE UTI dEJ TO PRESERVE SPR lNG WI LDFLO'n'ERS 
FOR THE ENJOr:-ot:·a OF TiiE TRAVEL~NG PUBLIC. 

M HER:!:CIOES 

HERBICIDES SHALL BE UTIL!ZED AROUND SIGN POSTS, DELINEA
TORS, GUARDRA!LS, AND OTHER HIGHWAY FIXTURES TC MINIMIZE 
HAt;Q MOWING. CHEMICAL ~u,o,'ING MAY ALSO BE USED TO REDUCE 
MECHANICAL ~C~!~G. DETAILS ON HERBICIDES WILL BE COVE~ED 
FULLY IN THE :E:;EiATiO:l MAt;..\GEMENT MANUAL ON HERBICiDES. 

III. M..\!NTE~A~CE SECil~~ EVA~UAilC~ 

A. EVALUATION 

EACH MAltHEilA~;:E SECTIC~; '.:ILL NEED TO BE VISUALLY EVALUATED 
IN Oi\OER iO C:'!RM!NE TtiE AMOUNT OF ACREAGE TO BE MOWED AS 
GOVE~NED BY ihE ABOVE ~C.:ING STANDARDS. AREAS NOT TO BE 
MC.:ED \ollLL NE~J TO BE DE 7 E~MlNED AND MAINTAINED BY NOT 
ALLOWING THE ~J.:ERS IN T~ESE AREAS. 
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APPENDIX D: SDHPT MOWER PURCHASE SPECIFICATIONS 

S~ ATE Of' TEXAS 
STATE O~PARTI'!ENT OF HJGH'WATS 

ANO PUS:.lC TRAHSPOt<T.I.TION 
EOUIPI'![NT ANO PROCUREMENT DIVISION 

84 IHCI!, LIFT TYPE, 
PTO MhE~, ~LA!:. "'}}oi:R 

PAAT ! 
&ENERAL CL.&UmAiiD CONDIT IONS 

SPECIFICATION 110. 
SOHPT -020-15-01 
REYlS£0: AUGUST, 1985 

1.0 The eguioment furnished under tnese spec•f1catlons shall ~~ the lltest improved 1110del in current 
oroauctlan, u offereo to camnt'rc1al trace, ana shall~~ of Quality wortmansnio ana 11ater11l. Thf! 
b1Cdf!r represents that all f!Qu•pment offered unoer tnese soec1fications shall be new. USED, SHOPIIQRII, 
DEMOIISTRATOR, PROTOTYPE, OR DlSCONT!NU£0 MODElS ARE KOT ACCEPTABLE. 

Z.O Bidders should su~11it with the~r bh:i, or have on file with the State Oeoartl!>fnt of Highways and 
Public Tnnsoorunon, Austin, Teus. the latest or1nteo literature ana aeta1leo soecif1catlons on 
tQuloment the bidder proaoses to furn>u. This literature it for lnfoMIIItional purooses only. 

3.0 The unit(l) shall be c0fi1Dletely usembled, adjusted. and all eguioment including standard and 

Does Unit 
Meet The 
Purcnue 
Specs 1 

f 
~ 
--~--

suoolemenul eou1pment ~e installed ana tnt unit allOt reaoy for cont>nuous ooerat>on. __ ! __ 

4.0 All oarts not soec>fictlly mentioned which are necessary for the unit to ~e comolete ana ready 
far ooeratian or wnich are nonntlly furn•shea as stanoard eau•oment snall be furnaned by tne success-
ful b>dce•. ;,11 oaru snail con~c,.., '"strengtn. a"aiity ana •oroqnsn•p to the acceotl~ stanaaros. of __ 1 __ 
tne >nOustry. 

5.0 The unit(s) orov>Otd Shill llft!t or e•ceed all Federal ana State of Te•u safety, hulth, llqhtlng 
and noise regulations ana stanoaros 1n effect ano &pplicaole to eQUIII"'ent furnanea at the tillll of 
1111nufacture. 

6.0 Any variation from these soecificatlons must be indicated an the Bid or on 1 uoarate attachment 
to the Sid. This sheet sntll be labeled as sucn. 

PART ll 
SPEC~O~S 

1.0 This Soecif1catlan descr~bes a 11ft type, PTO driven flail -r to ~e used In lllghway right
of-way '"""'ng ooerat1ons. Tnt li'Owtr s~all ~~ auigneo and canstructea In a sturay •anner to ilt able 
to consistently withstand the severe strenes encountered In continuous highway r1gnt-of-way llQWlng 
operat; ons. The li'Ower '""st lllttt tnt structural and safety reQuirements recQIINnaed In Safety Critera 
for Industrial Flail Mowers--SloE .JlOOl or latest revaion thereto. The ftlOwer shall provide 1 cutting 
width of at least eignty-four incnes (84") and ~e eQuipped with a hitch use!~Gly su>table for use wlth 
the tractor identified on the Invitation to Sid. Unlts furnished to these spec>flcttions •ust llltt!t or 
exceed all reQuirements herein. 

2.0 EXA~PLES: Fora Model 917, 86 incn 
llott Moat 1 88 

IIOTICE 70 BIOOEP.S: Any eumolt SMwn lS listed to Show t)'lle ana clus of eauioment desired. 
!llaoers are caut>oneg to rna tne soeClficatlons carefully, as tnere lillY De sncul reQuirements 
not CQtl'lliOn ly offeree ~Y the eau >ament manufacturer. Oo not assume your stanaard eaui-nt lllttts 
all deta•led sotclficatlons merely oecause 1t IS listed u an eumcle. Bladers are caut>onea 
that unlts del ivtre<l to the f .O.S. po1nts whlch do flat meet specifications 1n every aspect w1 \1 
not be acceotea. 

3.0 HOOO END PlATES ANO REAR ROLLE~: The cutter shaft Utll be cowered by a steel hood measuring at 
lust o.oa97 1ncn th>c~ ( 13 gtugeJ ana be suooo•tea by htlvy auty enc alates. The nood ana eno 
plates snall bl! sufficil!ntly re1nforceo to wltnstana the impact of objects thrown dur~ng continuous 
n•gnw1y rignt-of·wayli'Ow>ng ooerat1ons. A full wldth roller 1111nur~ng at lust fhe ana ont·n&lf 
1ncnes (5-l/2"1 in dialllf!ter snail be n:~unteo ~elow ana ~en>nd tnt cutter snaft. 

3.1 The rear roller shall be cov•rea by the noaa or 1 neawy gauge steel defl•ctor. A defl"tor 
curtain tttendin9 the full w•dth of the rear roller shall also ~~ provided. 

l.Z lihen mow1ng, the hooc, eno plates, rur rolll!r, deflector curtalll, related shields, 1110 
guaras, snail orov1oe ccwe•age of tne cutter snaft ooo cutt1ng kniVes so that the <liscnarge 
of the mower ls cnannelea or atflecte<l downwarc. The dacnarge snall ~e oenf!ath or ;.,.e. 
diately ~eh1na the lllOwer. 
NOTE: The t!WIOOers orov1dinq coweraqe of the cutter shaft and cutting inhes snail also 
iir'Ve as safety sn1elds or o•otect1we guaros to prevent personnel frOd aecannng entangled by 
the 110wer. 

1-3 

129 

I 
--~~-

I 

=z:: 
I --,--

---r-

__ ,_ 
--~--



130 

SPEC!FIC.ATIOII 110. 
SDHPT ·020·15·01 
REVISED: AUGUST, 1985 

~ 

3.3 The end phtes shill h .. e llolt-on, ,..,r.resisunt and repllcuole steel st!a shoes, or else --'--
the mo•er snell lleve two (2) rur 1110unuc leljustlble cuter wnuls to onnlalze unintentlonel 
SCAlping. If cuter wheels are provldec. they shall l)e 360" continuous rotation type Wltn 
sol1d type tires. St.ld snoes anc cuter wnuls snall l)e oeslgned, constructed, ana Instilled 
on tnt 110wer so that they w111 not !)end, breu, or fill off during -er ooerttlon. --'--

3.4 The re1r roller shill be suspended on anti-friction l)eulngs. The l)e~rlngs shal\ l)e suled 
or equtpped with lubricltlon fittings. 

4,0 tunER SHAFT ANO CUTIIIIG KN!Yts: Tile unit Shill h1ve I ¢fn1mlca1ly blhnced, •1brtt1on.free cut• 

I 
I 

ter sh1ft suspenoea on lntl•frittlon belrlngs. Tne burlngs Shill be n1led or equipped with lubritt• _L_ 
tlon fittings. £ten burlng snail be protected frC/11 snagging on oostructlons by the final 41'1ve housing 1 
and/or by 1 Ou!IIPer guard. :::::Z:::: 

4.1 The cuttlnq tnhu shall lle fine cut general purpose type, Individually rephcelble, free 
SW'I ngi ng and offstt to gt ve an even cut the full hmgth of tile rotor. The tNPered steel 
tuttlng knlns Shill be of sufficient strength sou not to bend, brelk, tratl or chip When 
contlctlng ObJeCts norNlly encounterea In hlghwly r1ght-of ... ay -ing ooerlttons. 

-+-
I 

4.2 The cutting llelgnt rtnge offeree! by the llll•er shill be tdjustlble such thlt It letst four (4) __ / __ 
ellfferent cuttinc netgnts tre provided throughout the rtnge of t•o Inches (2') to at IelSt ' 
f1ve 1nc•u 15") loove tr.< 9•ouna. One (I) of tne reoulreo cutting hei9hts sh1ll 1llo.. for --,--
cutting 1pprot1m1tely tnree Inches (3") 100-e the qrouno, lnotner of the required Cllttlng 1 
11eignts sn1ll tllo.. for cutting 1t leut fhe lncnes (5") but not .,re thin se•en inches (1") --~-
lbon the qround (it is preferred but not requirea thlt the uven incn (7") cutting lleight ---
be provided). 

5.0 DRIY£: Powr for the 1110o1tr elrhe trtin shill be furnished by 1 540 RPM tr~etor ~r~unted 1·3/8 inch 
spll neo power take-off sntft. 

5.1 The cr!Ye trtln shill consist of 1 untverul jointed shlelaec driYe shift frC/11 the tr.ctor 
PTO to a gear bOa -.nua on tOP of the -er. 

s.z The geer box shtll hl•e nett tretted steel gens ,.,len are •cntne cut tnd lubricated by o11 --'--
or grease. The gear I)Oa sn11l be suleo and tne ge1rs shill be munted Gil tntl-frlct1on __ ! __ 
betrings. __ 1 __ 

~.3 A shielded drive shaft shall pa..er the flnll drhe frC/11 the gear boa. 

~.4 The fintl drhe shill be by belt 1nd pulley syst111. 

~.5 The fintl drive shill htwe 1 Stel!l ufet.)' shield to preYent personal injury. The shield 
Shill also 1llow for easy 1ccess to the fintl elrin for Nlntentnct purposes. 

5.6 The final drive ufety snield sh1l1 oeuure at lent 1/8 inch thiCk or else, the ufety 
snield snell nave 1 ou111o" gvero to prevent the safety snield and fin1l drhe from sntgging 
on oostruct 1 on5. 

6.0 SAFETY PI.AOUErS) OR DECAUzl: Slhty pltouels) or dectl(s) shell be furnished lftd Shill be 
1ffheo It any nuaraous tre•• '"e pltaue(s) or c»cal(s) shtll Include necesuey .. rnings 1M precau
tions. Pel"!!l.tnent pllques 1re preferred to dectls. 

7.0 PAINTING: The unit shall be Ptinted Federtl Yellow No. !3538 of Federtl Standard 59Sa except for 

--'-
! 
I 

--'-

--'-__ 1_ 

glus.~ana those mttllllc accessoriu or fatures constl'\lcted of nzst-resiSUnt or platea Nteritl ___ _ 
not norNlly ptinted. luo-free oa1nt will be ttcepteo If It Mtcnes the color of Federtl Yella.. llo. 
13538. !umpl.s of po1nts ~~eetlng tnts requlrtMnt Ire: 

Ou Pont 110. 1111552 
PPG Industries No. 81958 
Sher..l n Will lUis No. 6351 

8.0 M~NUALS: llat~~~tl or ounuah containing lllu~tr•ted ~rts list, oPer1tlng 1nd ser.lee Instructions I 
for th~snall De c1e1tverea witn etch unit. The ~Mnuol(s) shill ben di!Uilec n possible autllnlng ___ _ 
111 necessary ser.1ce ond Ol)erttlng Instructions far the unlt delivered. -cesury .. rnlngs 1nd ufety 
precautions sn1ll be Included. 

9.0 IIARRA~TY; The unit of !'QuiD<>ent Shill be WlrrtnteG 191tnst defects In MUrlll 1nd wortunshlp for 
1 pert oa of not less thon twelve (12) ..,nths frC/11 the dlte tnot the unit Is phced Into sarv1ce. If the 
•anuflcturer's sUnoard warr.nty e.cuas twel•e (12) ocntns. tnen tne sunaora wtrront,Y per1od Shill be 
tn effect. Succenful bidoer sn1ll furnah 11111nufacturer's "'rr.nty to the recehlng district It tllllf! of 
delhery. _L_ 

Z·l 



SPECI~!CATIOH NO. 
SDHPT ·020·lS-Ol 
REVISED: AUGUST, l911S 

..!lli!!L 

NOT£: Provisions shall bt llldt by t~e successful bidder to pr-ovide 1 delayed warr~nty start dltte for 
'i'ICilu~it hrna~ed to tMs spec>ft"tlon. Wtrranty start dltt snall 001 effect~we tne dlty tne CC~r.~C>Ieted 
unit 1s placltd l~to ser•~ee. lnstructtons are to 001 included wan eacn untt Cll!lherea, ldYtSing State _L_ 
ptn;onnal of tne prououres to oe followea for ooutnlng t~e Cll!layed •trranty start dltte. 

10.0 DATA SHEET: The lttl~ea tltta Sheet Should 001 cQOIPittltd tna SUbtOftted In dupllcau for lnfonu
tional purposes only. 

PART Ill 
OPTI O'fi:Ai:"!QurPMENT 

Optional equtp.-nt a.st be ldtntlfled on the ln•itatiOII to Bid to 001 requlr~ta. 

OPTION 110. 1 

1.0 CASTER li~EELS: Tile .awer snail na•e two (2) rear llluntto aojustabllt caster -Is. Caster •heels 1 
snad De J60' contln~o~ous rottt1on type ..,tn solto type tires. Caster •neels snail be oestg"ta, ---L--
constructeo, ano insttlltd on tne _.,so t~lt they ..,11 not beno, brea~. or fall off durtn9 ' 
•-r operation. --~--

OPTION 110. 2 

2.0 COAASE CUT UNIT: In lttu of tne untt ott ng toJuippec n aucrltted 1n Paragrapns 4.1 a no 4.2, Part l I 
of t~a ~Pectncatton, tne unit snail De equtppeo n follows: 

2.1 'boer Slllll IHI tqwtpped w1U1 caster -Is. Option Mo. 1 lbo••· 

2.2 The cutt11•9 tnives s~all 001 <:Oirse cut general purpose type, re•tnlble, liiOhldually rtPlut· 
1011, free S•tng•ng ano offstt to ghe an ••en cut tne full ltnqtn of tnt rotor. The ti!IIIOtrta--1-
sttel Cllttlng knlYtS s~al1 be of sufhcunt strenqtn so n not to OOind, ttrut, cr"k or ~lp ---
wnen conuct1ng objects nal"'llllly encounttreo In ftlgnway r1gM-of·••Y ~~Mtng operatlo~s. __J_ 
IIOTE: These •nnes .. n 001 sultlttlt for use In tnr-ly nti•Y vrau ano St«lts In trash cOli• 

dtttons. 

Z.J The cuttitlg lltlgnt range offered by tnt a;wer shill be aojustlb1e sucn tnlt at least four (I) 1 
d1fftrent cutting ne>gnts are prortoeo t~rougnout tnt ~lftqe of two tncnes (2") to It least --,-
n.en ln~es (7"l aoo•e t~e ground. One (1) of the f"'Iulrtd cutting ntlghU shall allow for ----r
cuttlng tnree •ncnu (J"l lbo•t tnt grounc, anot~er of tnt requ1red cutttnv ntighU shall ----
111 ow for cutt 1ng , .. '" 1 ncnu ( 7" J lbO•t tnt grouno. 

~: llott llodel 118, or l<lu«l. 
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STATE OF TEXAS 
STATE DEPARTMENT OF HIGHWAYS 

AND PUBLIC TRANSPORTATION 
EQUIPm:NT AND PROCUREMENT DIVISION 

PART I 
84 INCH RO'f.Aiy MOWER 

HEAVY DUTY 

SPECIFICATION NO, 
SDHPT-o2Q-16-02 
REVISED: MARCH, 1982 

GENERAL CLAUSES AND CO~ITIONS 

1.0 The equipment furnished under these specifications shall be the latest 
improved model in current production, as offered to commercial trade, and shall 
be of quality workmanship and material. The bidder represents that all equip
ment offered under these specifications shall be new. USED, SHOPWORN, 
DDIONSTRATOR, PROTOTYPE, OR DISCONTINUED MODELS ARE NOT ACCEPTABLE. 

2.0 Bidders must submit with their bid, or have on file with the State 
Department of Highways and Public Transportation, Austin, Texas, the latest 
printed literature and detailed specifications on equipment the bidder proposes 
to furnish. This literature shall include an engine chart, if applicable, 
corrected to standard conditions of air temperature and pressure showing horse
power and other characteristics. 

3.0 The unit(s) shall be completely assembled, adjusted, and all equipment 
including standard and supplemental equipment be installed and the unit made 
ready for continuous operation. 

4,0 All parts not specifically mentioned which are necessary for the unit to be 
complete and ready for operation or which are normally furnished as standard 
equipment shall be furnished by the successful bidder. All parts shall conform 
in strength, quality and workmanship to the accepted standards of the industry. 

5.0 The unit(s) provided shall meet or exceed all Federal and State of Texas 
safe1:y, health, lighting and noise regulations and standards in ef feet and 
applicable to equipment furnished at the time of ~anufacture. 

6.0 Any variation from these specifications mus1: be indicated on the Bid or on 
a separate attachment to the Bid. This sheet shall be labeled as such. 

l-5 



STATE OF TEXAS 
STATE DEPAR~E!IT OF HIGHWAYS 

AND PUBLIC TRANSPORTATION 
EQUIPME~~ AND PROCUREMENT DIVISION 

PART I 

SPECIFICATION NO. 
SDHPT-QZ()-.16-Ql 
REVISED: SEPTEMBER, 1981 

60 ~~ 72 INCH L~PE ROTARY MOYERS 
CE~:t:RAL CLAUSES A..'ID C0~1llTIO!>'S 

1.0 The equipment furnished under these specifications shall be the latest 
improved model in current production, as offered to commercial trade, and shall 
be of quality workmanship and material. The bidder represents that all equip
ment offered under these specifications shall be new. USED, SHOPWORN, 
D~IONSTRATOR, PROTOTYPE, OR DISCOt.~INUED MODELS ARE NOT ACCEPTABLE. 

2.0 Bidders must submit with their bid. or have on file with the State 
Depart~ent of Highways and Public Transportation, Austin, Texas, the latest 
printed literature and detailed specifications on equipment the bidder proposes 
to furnish. This literature shall include an e~ine chart, if applicable, 
corrected to standard conditions of air temperature and pressure shoving horse
power and other characteristics. 

3.0 The unit(s) shall be completely assembled, adjusted, and all equipment 
including standard and supplemental equipment be installed and the unit made 
ready for continuous operation. 

4.0 All parts not specifically mentioned which are necessary for the unit to be 
complete and ready for operation or which are nor:na.lly furnished as standard 
equipment shall be furnished by the successful bidder. All parts shall conform 
in strength, quality and workmanship to the accepted standards of the industry. 

5.0 The unit(s) provided shall meet or exceed all Federal and State of Texas 
safety, health, lighting and noise regulations and standards in effect and 
applicable to equipment furnished at the time of t:~anufacture. 

6.0 Any variation from these specifications must ~e indicated on the Bid or on 
a separate attacht:~ent to the Bid. This sheet shall be labeled as such. 

1-4 
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SPECIFICATION NO. 
SOHPT-Q2CH6-Q 1 
REVISED: SEPTEMBER, 1981 

PART II 
SPECIFICATIONS FOR 

60 AND 72 INCH LIFT TYPE ROTARY MOWERS 

1.0 It is the purpose and intent of this Specification to describe a Lift Type 
Rotary Mower having a miniDum cutting width of 60 or 72 inches. The width 
required shall be identified on the Invitation to 'Bid. The mowers furnished 
under this Specification shall be of heavy duty design capable of withstanding 
continuous highway right-of-way mowing. The mower shall be equipped with three 
(3) point hookup. 

2.0 EXAMPLES: 

60 INCH 

Caldwell 60 Brush Beaver 
Ford 941 
John Deere 509 
Modern Highway Special 5 Ft. 
Servis 60 Cyclone 
Terrain King TK60 
Woods MR105P 

72 INCH 

Caldwell 72 Brush Beaver 
Ford 943 
John Deere 609 
Modern Highway Special 6 Ft. 
Servis 72 Cyclone 
Terrain King TK72 
Woods MR106P 

NOTICE TO 'BIDDERS: Any example shown is listed to show type and class of 
equipment desired. 'Bidders are cautioned to read the specifications 
carefully, as there may be special requirements not commonly offered by the 
equipment manufacturer. Oo not assuDe your standard equipment meets all 
detailed specifications oorely because it is listed as an example. Bidders 
are cautioned that units delivered to the F.O.B. points which do not meet 
specifications in every aspect will not be accepted. 

3.0 FR.A!!E A.'\"'D CAGE: The cower shall have an electrically welded frace covered 
on the sides and top with a minimum 11 gauge (0.1196 inch) steel plate. 

3.1 The cage shall be a oiniDum seven (7) inches deep. 

3.2 The front opening shall be enclosed with a single row chain guard and 
the rear opening shall be enclosed with a double row chain guard. 

3.3 The length of each strand of chains should be such that with the mower 
set to cut at a height of five (5) inches the bottom link will touch 
the ground. 

3.4 Chain guard rows shall be placed in such a position that under ~xirnum 
deflection conditions, the chain will not contact the cutting blades. 

2-4 
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SPECIFICATION NO. 
SDHPT-Q2D-16-Q1 
REVISED: SEPTE!IBER, 1981 

A steel cable shall be laced horizontally through the 
tom link of each strand. The cable shall be fastened 
elamp to the last strand at each end of the opening. 
cable shall be installed in the outside roll only. 

next to the bot
llit h a cable 
In the rear the 

3.6 The sides of the 0011er shall be equipped vith heavy duty steel skid 
plates. 

4,0 SUPPORT WHEEL: The oower shall be equipped vith a 360 degree S~~ivel easter 
traili~g wneel W1th anti-friction bearings. 

5.0 DRIVE: Power for the mower drive train shall be furnished by a 540 RPM 
trac~unted power take-off. 

5.1 The drive train shall consist of universal jointed shielded drive shaft 
from the tractor PTO to a gear box mounted on top of the mower eage. 

5.2 The gear box shall have an enclosed transcission of heat treated steel 
gears lubricated by oil or grease. 

5.3 The gear box shall be protected by a slip clutch. 

6.0 BLADES: The mower blades shall be heat treated steel and shall be the free 
swinging type which fold back when hitting an obstruction. 

6.1 The blade holder may be dish or hub type. 

7.0 CUTCI~G HEIGHT: The cutting height shall be adjustable from a minicum of 
not more than three (3) inches to a maximum of not Less than eight {8) inches. 

8.0 WEIGHT: The Wll!ight of the 60 inch mower shall be a minimum 725 pounds and 
the 72 inch mower shall be a minimum 890 pounds. Addition of Wll!ights to meet 
this requirement is not acceptable. 

9.0 P.U~:n::G: The unit shall be painted Federal Yellow t;o. 13538 of Federal 
Standard 595a excep~ for glass, rubber and those oetallic accessories or fix
tures cans~ructed of rust-resistant or plated caterial not normally pa:.nted. 
Lead free paint will be accepted if it :natches the color of Federal Yellow No. 
13536. 

10.0 HANUALS: Manual or eanuals containing illustrated parts list, operating 
and serv1ce instructions for the unit and engine (if applicable) shall be deliv
ered with the unit. The manual(s) shall be as detailed as possible outlining 
all necessary service and operating instruct ions for the unit delivered. 
~•ecessary warnings and safety precautions shall be included. 

3-4 
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SPECIFICATION NO. 
SDHPT-o2Q-16-Ql 
REVISED: SEPTEMBER, 1981 

11.0 ~ARRANTY: The unit of equipment shall be warranted against defects in 
material and workmanship for a period of not less than twelve (12) months~ if 
the manufacturer's standard warranty exceeds twelve (12) months, then the stan
dard warranty period shall be in effect. Successful bidder shall furnish 
manufacturer's warranty to the receiving District at time of delivery. 

12.0 DATA SHEET: The attached Data Sheet must be completed and submitted in 
duplicate as a part of the bid. Failure to comply may be grounds for rejecting 
the bid. Information contained therein shall becoge a part of the contract, if 
awarded. 

PART III 
60 AND 72 INCH LIFT TYPE 

ROTARY MO~~RS 
OPTIO~AL EOUIPMEh1 

Optional equipment must be identified on the Invitation to Bid to be requested. 

OPTION NO. 1 - Shear Pin: The mower gear box shall be protected by means of a 
shear pin in lieu of the slip clutch as identified in faragraph 
5.3, Page 3-4. 

4-4 



PART II 
SPECIFICATIONS FOR 

84 INCH ROTARY HOWER 
HEAVY DUTY 

SPECIFICATION NO. 
SDH.PT-0 20-16-0 2 
REVIS ED: MARCt!, 1982 

1.0 This Specification describes a Heavy Duty Rotary Mower having a cutting 
width of at least 84 inches. Units furnished to these specifications Must Meet 
or exceed all requirements herein. 

2.0 EXAMPLES: 

Servis Gyro 84 Pull Type 
Woods R.l07 
Modern Highway Special 

NOTICE TO BIDDERS: Any example shown is listed to show type and class of 
equipment desired. Bidders are CAutioned to read the specifications 
carefully, as there may be special requirements not commonly offered by the 
equipment manufacturer. Do not assume your standard equipment Meets all 
detailed specifications merely because it is listed as an example. Bidders 
are cautioned that units delivered to the F.O.B. points which do not meet 
specifications is every aspect will not be accepted. 

3.0 DESIGN: The mowers furnished under this Specification shall be single 
spindle Trail Type, constructed to withstand heavy growth right-of-way mowing. 

4.0 FRAME AND CAGE: The mower shall have an electrically welded steel frame 
and shall meet or exceed the following minimum requirements: 

4.1 Cage depth minimum: 8 inch. 

4.2 Deck thickness Minimum: 10 ga. (0.1345 inch.) 

4.3 Side skirt thickness minimum: 3/16 inch. 

4,4 The front opening shall be enclosed with a single row chain guard 
and the rear opening shall be enclosed with a double row chain guard. 

4.5 The length of each strand of chains shall be such that with the mower 
set to cut at a height of five (5) inches the bottom link. will touch 
the ground. 

4.6 Chain guard rows shall be placed in such a position that under maximum 
deflection conditions, the chain will not contact the cutting blades. 

4.7 A steel cable shall be laced horizontally through the next to the bot
tom link. of each strand. The cable shall be fastened with a cable 
clamp to the last strand at each end oi the opening. ln the rear the 
cable shall be installed i.n the outside row only. 

2-5 
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SPECIFICATION NO. 
SDHPT-o2Q-l6-o2 
ltE\TISED: MARCH, 1982 

4.8 The sides of the mower shall be equipped with heavy duty replaceable 
steel skid plates. 

4 .9 An adjustable height parking jack shall be furnished. 

5.0 AXLE AND WHEELS: The axle shall be the trail type with the wheels mounted 
to the rear and inside of the cutting swath. Mower total width to be not more 
than 96 inches. 

5.1 The wheels shall be 15 inch drop center type. (Tires are NOT to be 
furnished.) 

5.2 The cutting height adjustment shall be by a ratchet or screw type 
crank. 

5.3 The cutting height range shall be fr~ approximately 3/4 inch to 
approximately 13 inches. 

6.0 DRIVE: The mower drive train shall be designed for connecting to a tractor 
mounted 540 RPM power take-off, 

6.1 The drive train shall consist of a three (3) universal jointed safety 
shielded drive shaft supported by a tongue mounted carrier bearing, 
and connected to the mower gear box. 

6.2 The gear box shall have an enclosed transmission of heat treated steel 
machine cut gears, lubricated by oil or grease and shall be rated at a 
minimum 75 horsepower. 

6.3 The gear box shall be sealed and the gears shall be mounted on anti
friction bearings. 

6.4 The gear box shall be protected by a slip clutch. 

7.0 CcTTlNG BLADES: The oower blades shall be heat treated steel and shall be 
the free swinging type which fold back when hitting an obstruction. 

7.1 The blade holder may be dish or hub type. 

8.0 PAINTING: The unit shall be painted Federal Yellow No. 13538 of Federal 
Standard 595a except for glass, rubber and those metallic accessories or fix
tures constructed of rust-resistant or plated material not normally painted. 
Lead free paint will be accepted if it matches the color of Federal Yellow No. 
13538. 
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SPECIFICATION NO. 
SOiiPT-QZ0-16-02 
REVISED: MARCH, 1982 

9.0 MANUALS: Manual or manuals containing illustrated parts list, operating 
and service instructions for the mower shall be delivered with each unit. The 
manual(s) shall be as detailed as possible outlining all necessary service and 
operating instructions for the unit delivered. Necessary warning and safety 
precautions shall be included. 

10.0 WARRANTY: The unit of equipment shall be warranted against defects in 
material and workmanship for a period of not less than twelve (12) months. If 
the manufacturer's standard warranty exceeds twelve (12) months, then the stan
dard warranty period shall be in effect. Successful bidder shall furnish 
Manufacturer's warranty to receiving District at ti~ of delivery. 

11.0 DATA SHEET: The attached Data Sheet must 01! co~pleted and submitted in 
duplicate as a part of the bid. Failure to com;llY :nay be grounds for rejecting 
the bid. Information contained therein shall become a part of the contract, if 
awarded. 

12.0 ORDERING DATA: When ordering unit(s) conforming to this Specification, the 
requisitioning District must specify the following: 

12.1 The title and number of this Specification. 

12.2 The quantity desired. 

12.3 The Option(s) desired. 

13.0 mL~~ACTURE AND USER REOUIREMESTS: The equipment bid as meeting this 
Specification must have been in production and offered in regular commercial 
sales for a period of at least twelve (12) months prior to the date of the 
Invitation to Bid. 

13.1 The bidder shall provide the name, COO!llete address and telephone 
number of at least three (3) separate agencies or firms which have 
owned or operated a unit{s) for a period of at least six (6) months 
immediately preceding the date of the Invitation to Bid. The name of 
an individual with the agencies or fir-::::s that can be contacted for 
information shall also be provided, if feasible. 

4-5 
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PART III 
84 INCH ROTARY MOWER 

HEAVY DUTY 
OPTIONAL EOUIPMEh~ 

SPECIFICATION NO. 
SDHPT-020-16-02 
REVISED: MARCH, 1982 

Optional equipment must be identified on the Invitation to Bid to be required. 

OPTION NO. 

1.0 -Lift TyEe: The lift type mower shall meet all ite111S in this Specification 
With the exception of meeting or exceeding the following requirements: 

1.1 In lieu of the Trail Type configuration, the mower shall be Lift Type 
with an A-frame hitch compatible with a tractor Category II three
point hitch. 

1.2 The mower shall be equipped with a 3&0 degree swivel caster trailing 
wheel(s) with anti-friction bearings, With puncture proof solid, 
molded rubber or laminated tire(s). 

1.3 The cutting height shall be adjustable by the tractor three-point 
hitch. 

1.4 The mower shall have a universal jointed safety shielded drive shaft. 

1.5 An adjustable height parking jack shall NOT be furnished. 

EXAMPLES: Servis Gyro 84 Lift Type 
Woods MR107P 
Moder:~ Highway Special Lift Type 

NOTICE TO BIDDERS: The above examples are listed as representative of the 
type and class of e<Juipment des ired. Bidders are cautioned to read the 
Specifications carefully, as there may be special requirements not com
monly offered by the equipment manufacturer. Do not assume your standard 
equipment meets all detailed Specifications merely because it is listed 
as an example. 

OPTION NO. 2 

2.0 - Shear Pin Assemblv: In lieu of the slip clutch as identified in Paragraph 
6.4, the mower gear box shall be protected by a shear pin assembly. 

OPTION NO. 3 

3.0 - Hvdraulic Cylinder: In lieu of the cutting height adjustment as identified 
in Paragraph 5.2, a hydraulic cylinder for trail type mower(s) shall be 
provided with wire braid hose identified on SAE Standard J517d or latest 
revision thereto. The hose shall be of adequate length for connection to 
hydraulic control at the tractor operator's position. 



STATE OF TEXAS 
STATE OfPAR~fNT OF M:GHIIHS 

AND PU!L!C TUNSPO~UT!Oh 
EQUIPMENT ANO PROCUAEMf~T O!V!SlC'' 

SPEC!F!CAT!OH hO. 
SOHH -020-16-0l. 
REVISED: AUGUST, l9S5 

l.O Th~ ~OUlOIIIO!'nt furn1s~~a una~· thf!U so~c>ficat1ons s~1ll b~ tn~ ht~st imorov~a 01001!1 in currf!nt 

Oo~s Unit 
M~tt Tn~ 
Pure~ 1st 
SD~tS! 

oroauct>an, as offerea ta COill'lf!rc>al traoe, ana sna11 bt of auaiity worrl041nSh1P ana mnena1. Tnt I 
b>e~tr •tores~ntS that 111 eau>o""'nt off~rtc una~r tntst soec1ficat1ons s~all bt new. USED, SHOPWORN, 
OEI'ONST~ATOR, PROTOTYPE, OR DISCONT!Ii~EO MOOE~S ARE HOT ACCEPTABLE. 

2.0 Bidders should submit with thtlr bid, or uve on flit with th~ Stitt Oeoart"""nt af HighwlyS 1na 
Public Traosgortat>on, Aust>n, Teus. t~e latest onnttd littrlture ana detli lea SOfClficltlons on 
tautc:nent tnt OldOer prooosu to furnan. Tha littrlturt iS for infOnllltionll purposes only. 

J.O Th~ un>tls) Shill bt ccmol~ttly ISSf"'oled, adjustta, and 111 eouioi!IO!nt including standard 1M 
suoolemtntal tou1prnent bt insulltd 1na tnt un1t made ruay for conttnuous aoerat>on. 

c.o A11 o1rts not sotc1f1c11ly I!IO!nt1onea wnich art necesury for the unit to Ct c0111olett 1no ruay 
for ooer1t1on or wnich 1re normally fui"'I1Snea IS suno~ra tOu>o.,.nt shl11 Ct furna~~a Cy t~e success
f'Jl t~~::'e ... ~ !-11 ;! ... tS Sf\!;; ::r.tc.-- , ... stren.;t~~ au1hty 1n0 worr~.ansnto to Ute ICCeotta Stll"lOarcs of 
the tnowstry. 

5.0 The unlt(s) orovided s~111 lll@et or uceec 111 Feoeral ana State of Teus safety, ~ulth, lfgnting 
ana noJSe regullttons and suna1ros 1n effect 1nc applicaole to toutpi!IO!nt furn1snea at the time of 
m1nuflcture. 

6.0 Anv varation fr0111 t~ue soectficltions must bt indiclt~d on the lid or on a separne uucn!llfnt 
to the sic. This s~ttt sn111 be labelea u such. 

l.O This Soec1ficttion aescriCes 1 hyaraulica11y drive" fifteen-foot 115'1 rotary 110wer consating 
of t~ree (J) sect1ons. Thts tr111 tyoe mower s~all bt suttlblt for 11101o1n9 utremely nuvy grass ano 
vegetat•on ano s~1l1 ce built from tn~ grouno uo to w1tMt1no t~e severe serv1ce encounterto 1n 
cant inuous htqnway right-of-way 0\Qwtng. All un>ts fumaheo to thtS uecificat•on must meet or e~teed 
all the reou>rements nere1n. 

Z.O EXAMPLE: 

Ttrrlln Kin9 Model "ydraulic T.K. 15Ft. 

2.1 IIOT!CE TO 8lC:t•s: Any eu::cie s~own is listed to snow type ana clns of eoutoment otS!rto. 
B•ootrs 1re ca.;t1onea to rue tnt sotctficatlons carefully, n there '"IY be soec•al rtouire
Jilfnts not COI"'"only oHe•eQ Cy t~e touioi!IO!'nt 1111nufacturer. Do nat assume your sunoaro tou>o· 
ment I!IO!etS all oen•leo soec•ficlt1ons mereiy Ctcause 1t is listed as an examole. Biaaers 
tre caut1oneo tnat untts oel1•ereo to tl"'e F.O.B. petnts Wf'ltcn co not meet soec.ific1t1ons in 
every uoect w1 11 not be accutea. 

3.0 oor:lWI~:; SECTIONS: E1Ch of the t~rtt !31 sections of the mower sna11 be constructed In heavy-duty 
hsnton ana sna. • 111ve sufficient orac'"9 1nator rflnforce'lt!nt to orevent war111n9, Cenotnq, 
twtsting, craco1n9 or any ot~er type of llll!tll failure fram occurr1~9 oue to tne stresses encountered 
in non~~al "'"'"~~ oper1t1ons. 

3.1 Tht mower shall be dUtqneo to unlforlftly cut nuvy growth It the SIJ!le set ht•~ilt 1cross tne 
tntlre fiftun (!5) feet 1no snail not luve an uncut I)Ortton between t~~ mower's sect>ons. 
the mower shill ce dtSJ~neo to dlscn~rge cut llllttnals fr<111 the retr of ucn sect1on. 

J.Z Th~ s1de sect1ons sn111 be connectea to th~ center sect1on by ninqes Willen w111 1llow ucn 
sect1on to follow tne contour of t~e lana from 60 degrees 10ove to 20 degrees oelow noruon
tll wnen the mower a in the a~er1t1n9 (cuttlng) 1110ae. ~'"9f5 snail bt constructed of 
11inimll1!l 0.164-tncn steel ano h1nge p1n shall Ct m1nu• .. l/4-lncn aia!llfter cold·rollea steel. 

l.l Or11n holes, eacn musur>ng ao~ro11m1tely l/2 inch '" Ol~t~r. Shill b~ provided in tne 
decking materal of uc~ of tne three 01 sections of tne rower. The ara>n holes snall Ct 
arran~eo, ano a suffiCient numoer of drlln noln Shill De groVldea, so thlt water w11l not 
suna or puodle on any oortton of tnt lllOwer•s ate•. 
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3 •• 

3.5 

The bottom edge of uch outer side uctlon of the -er snail be eQuipped with a rephcuble 
slr.id shoe. The wearing area of tile slr.•d shoe snall be "through• heat trened to a 11inu1UIII 
Brlnell nardnns of COO. The forward portion of eacn slr.id shoe Shall be sloped appro•!
•Uely cs• aoove horizontal. Slr.id ShOtS ana their attaChing 11lelllbtrs Shill be dtslgnea and/or 
re 1 nf orced to prevent them f r0111 beIng bent and/ or bro•en off durIng turns that app 1 y sIde 
forces to the 1110wer. 

Each side section shall be capable of being independently raised by hydraulic DOwer 
controlled from the ooerator•s position. In the fully raised Position, the overall 110wer 
width shall not eaceed 96 incnn. It shall be possible to fully rain ana lower each Side 
section without disconnecting any of the -er's Clrhe Hnt CQI!IDOntnts. 

3.6 lluns snell be provided to loclr. eacn sille section in the raised position for transporting 
the unit over the roaa. 

3.7 The f!'Ower shall be eauipoed with a winch and cable for raising each side section In the 
event of hyaraulic failure. Winch shall be eou1ppea with an aut0111atic bralr.e sou to 
eliminate the possibility of 1 runaway winch handle or lnaovertent d!!Scent of a sidt section. 

~: Dutton-lainson "odel No. B-1202, or eaual. 

3.8 The f!'Ower tongue shall be hydraulically actuated to rais!! the unit for transport. A cl!!vis 
h1 tcft or captive ba 11 tyoe nitch with c l!!vis pin for connKt ion to the tractor drawbar sha 11 
be orovide~. kiter. v.a:i te aes1anec sc as to allow a swina of not less than JO deoreu 
above ana 30 degrees oelow a horizontal lint without binding. • 

3.9 The 1110wer shall be eauioPed with a 1111nually adjustable positive ~~echanical stop to hold the 
DOwer at preset cutting he>\)hts without the aid of hydraulic pressure. 

C.O CUTTE~ BLADES: The cutter blaoes shall be free-swinging suction type which fold back when 
hitting an oostruct1on. Blades shall be forgea or llllchined of steel and heat treated to a Brinell 
haraness of 350 to C30. 

5.0 DRIVE TRAIN: Cutter blades art! to be driven by thr!!!! 131 seoarate hydraulic 110tors driven by a 
hydraulic puma suitable for attachment to a 540-RPM tractor power Ulr.t-off confoMIIing to SAEIAS~.~ sun
claras. System to be c~plet!! with hyoraulic reservoir of sufficient capacity to prevent overheating, 
reolacub1e oil filter, ana relief valves to protect against shock. 

6.0 HYDRAULIC SYSTEM: Hydraulic oower for raising and 1owerin9 outer wings and for adjusting heiqht 
of 1110wer snall be prov1cled by the tractor hyaraulic system. Th!! hycraulic system shall include all 
necessary hoses, fittings, cylinaers ana other c~ponents reQuired for operation. 

6.1 Hoses must be eouiooed with a set of malt! and female !Iuick couPlers and be suitable for con
necting to a three (J) spooi valve 1110unted on a tractor. (Three (ll spool valve not to bt 
f urnanea. l -

6.2 The auiclr. couplers shall be caoable of being connected under pressure. 

£xamole: Pioneer, or equal. 

6.3 The hydraulic non shall be two (l) wire braid or eaual Identified In SA£ Standard J517a, 
or latest revision thereto. as SA£ lOORZ hydraulic hose. Hose length shall be adeauate for 
prop~r noo•·ul> ana ooern>on of tractor mower combination. 

7.0 WHEElS: The mower shall be provided with sh !61 wlleels; one on each side section ana two !2) 
iets olllUiT wheels on tne center section. Size of the wheels ana/or tires shill be as specified in 
Oot1onal EQuip:nent ana identified on the Invitation to Bid. 

7.1 Each wlleel shall be eouiooed with Timken or tQual type roller bearings ana each wheel hub 
snail be eauipped with a grease zeri: fitting for lubriCatiOn purposes. A retaining devltt 
shall be proYlOed on all wheels to secure the bearings• dust cover to the wlleel hub. This 
reu•ner snail be aesignea to prevent tne oeanngi' Gust co•tr fr~ b!!ing knocked off by 
objKts encountered dur1ng mow1ng operations. 

7.2 Each whul shall be caoaole of being adjusted 01anually to give the f!'Ow!!r a cutting llti9ht 
range fr0111 4 incnes to at least 15 incnes above tnt grouno. 

7.3 A spring type suspension auemoly on each whul Is reauired. 

7.C The wing section wheels shall be located Inside the cutting width. 
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7.5 Rtolactalllt llnlllnqs s~all bt insullea In all ult ar• braclltts at tht ult ,,.. oi•ot 
1101nts to or .. tnt tftt ult ,,.,. oracilets litO aalt arwrs fr0111 e•oerienc1~q orf'!llturt •allow1n9 
out lftCI failure. All aalt oaot oo•nts sftall bt htid to~ttfttr II)' bolts witll locllng nuts. 
Pins with rtt.t1n1ng cltos are not acctotallle. 

8.0 CHAIN GUA.ROS: tile front ana rur ooeninqs of all three Ill sections of tilt _,. 1111111 bt 
eou•ooto ••tft 1 oouolt•row (two IZl curt&lll) c111111 quaro to orovidt ootlr•llll co.erage of tilt -r·s 
-n•nqs. Tilt chilli quara sllall aeflect Ill" ••11•••u tile tllrowi119 of oojects 111 an outwara direction b)' 
tilt cutter blaoes. Ch11n quaras Sftall lllvt a stttl calllt lacM lloruontall)' t11rouq11 tne ne•t to tilt 
bottCIIII lint of ucll straM of cllain 011 t!'lt outsldt row only or SOIDI otntr suitable llll!ans SlolCII u a 
rullbl!r sftltld olactCI outside of the ch1111 quarn to stnl! as an ldditional lltans of dtfltcttng tilt 
fllgllt of tllrowll objects. 

8.1 Chain sllall bt at lust 5111-lncll weldl!d 11nt. Tilt cQIIOined IIUIIOI!r of str1nas 111r foot Ia 
tilt two IZl rows snall bt not less t11111 14. 

8.2 lf tilt cnaill qu1rd h not lttiCfttd directly to tilt dtel, tht SOICf bl!tWHn tilt deck ana tilt 

!ill.'!!!.. 
I -,--,-

::r= 
I --,--

--~----,-
__!.._ 

I 
__!.._ 

Cll&ln qullrCI ~older s~all bt fllltd In w1tll 1 •ateral suit&blt to ortvent grass btlng tllrown --'-
tllrougll tllat SllliCt to t~t too of tilt dtct. 

8.3 tile ltnqtll of ucll strano of cnain sllall bt Sllcll t~llt with tile -•r set to cut at a htiqllt 
of fht !Sl tnclltS, tilt bott~n link wi 11 toucn tilt 9f'OUIICI. The tneasur-nt shall bt tail en 
UIIOtl" =t1111n9 CO!!:!~':.~OIIS. 

1.4 Cllain g11ara rows snail bt lnstalltd In such a oosttt011 that undtr IIUi.,,. deflection can· 
llitlo11s, tilt ~1111 will 110t contact tilt cutter lllaoes. 

8.5 tile side slttrt of tach wing section w111 bt of sufftcitnt httgftt or shall bt touiooed •iU 
stnqlt-row C11a111 guara tlllt wi II oro vide at lust two IZl incnes of orouc:tion btl ow tilt 
plane of blaoes to •1niiiiiZI oojects froa bting thrown out>oara by tilt blades. 

t.O SAFET'I l't.lOUES 011 DECALS: Safety olacuts or decals shall bt furnishea lind sun be affhed u 
tilt Olltrator·s stltiOft ana at any iluaroous aru. Tilt olaouts or decals shall tncludt NKtsury wa,...._ 
lngs IIICI precautions. •-•tnt plaauu art ortfti'TtCI to decals. 

10.0 "!IITtiiG: Tilt unit shall be Hinted Federal Ttllow llo. 13538 of l"l!dtral Stuura 595& taceot 
for glass, ruolltr ano tllose 111111Ulllc a"essor•ts or fhturtS co11structM of rust••tsistant or olattd 
.. teri1l 11ot no,....lly oa•ntto. Ltao-fru paint •ill be acceDttta if it Atchts tilt color of federal 
Ytllow 13538. faPI!IIts of Ollllts llltttlft9 tills rtc~ulr-nt are: 

Du P011t llo. 8N55% 
PPG tnaustrlts 110. 81958 
Slltrwin 11111111111 flo. 6351 

• 

11.0 ,._fll,•Al.S: Manual Ill" 'IDlllllllls cantaining Illustrated oarts list, ooerattnq ana strvict instrllctiOfts 
for til~ sllall bt del hertel with tilt ullit. The •anuaHSI Sill II bt as dttli Ita as oossiblt 
011tllning all necessary Strvict ano ooe~at1ng Instructions for tilt unit dtlhered. Nectss&r)' warn!ftqs 
ana uftty precautions Sllllll be IIIC!uoec:. 

12.0 VAAUIITY: Tilt unit of toui-nt sn11l be warranttd against defects tn material and woruLanshlo 
for a otr'OG of not len t~an tw•lvt !121 ~~entM. !f tt•• m&nuf&cturer•s st&nura ••rr•nt.r ••c•ecs 
twelve !12! 1110nt11s, tlltn tilt stanoara warranty oer100 snail bt in tffect. SIICCtSSflll bf~Satr shall 
fu1"111SII ~tanuhcturtr's w&I'T&nty to tile rtctlving district at ttlll of 4tlhuy. 

IIOTE: Prowtsions sllall be 111101 b.r tile succusful bidder to orawidt a dtllytd warranty start dltt 
'fOr""tatn un1t fllrniShtO to this sotetftcatton. Warrant)' start Ute shall lit effect••• tilt oay 
tilt cOIIIOltttd Wlit Is olacea into service. lnstruct•ons are to be incluatd with ucn un1t deli• 
wereo. aa•iSint Stitt Dtrsonntl of tilt oroctourts to lit follo•ta for obtainlng the dtllytd 
warrtnt)' sUrt dltt. 

13.0 PARTS no SEAY!C!: Tile "'lnYfact"rer of tht eouic"'C!nt fumis~td shall 111ve an autlloriud oealer 
••thin tnt )tltt or •ltiiS. Tilt autnor>:ta auler snail ~••• fact~ry-trllneo oersonntl avllllblt for 
l)trfoN!Iance of servic:t. Tile dtaltr sn•ll •!so •••nt11n an in•tntor)' of lugn-uuqt parts ana a OUICI1 
source for low-usage oan:s. 

14.0 REPLAC£"!~T F!L"!''S: l C:Qifl'lllttt Stt of rt~~lace"'C!nt ~roraultc filters Shllll bt orowidtCI for ucll 
un1t furn11•ta to tneu sotclficat•ons. hen filter snail bt laotlto ••tl'l tl'lt Mu•o,..nt ~nuhcturtr's 
oart numotr as snow" 1n tne maftufacturer·s oarts boo• ano snail lit furntSl'ltO at the t1JOt of aelt.ery. 
The attaC"tO ftlttr ldentlflcat•on foN.t snould bt Cl)tloietea ano su011•tteo tn duolicau for info,.,•· 
ttonal our;ous 0111y. 

15.0 OATA S'!f!TS: Tilt attacntd Oau Shttt sho11ld bt car.taltted ana SYtlmltted tn duolic•tt far lllfor
.. t•onal ourooses 011ly. 
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PART !II 
OPT!O~PHENT 

Optionel eouiprrent mu~t be Identified on the Inv•Utlon to Bid to be reouired. 

OPTION NO. 1 

1.0 15-INCH WHEELS: The mower shell be eauipped with fifteen (15} inen wheels, leu tires. 

OPTION NO. 2 

.!lli!Q. 

__ ,_ 

2.0 SOLI[) RUBBER TIRES: 6.00 x 9 solid rubber tires with trud dn1qn. The rubber utilized and tire __ 1_ 
COnitTuct1on snall allow sufficient cush1on affect to Absorb aooroXImltely 50 percent or 1110re of 
the shaCk rulill!!l over uneven terra1n. The outside diameter of the tire shall be approx1m1tely 
20 incnes. Tnt tires shall be mounted on 1 two-piece or split tiPt rim. __ ! __ 

~: Burcat Tire Company Supersoft &riuley fl"'"ber SG25, or eaual. 

OPTION NO. 

3.0 SOLltl OR LA"INATE!l SOLI!) RUSSER TIRES: The -er shall be eauioped with 6.00 1 9 solid or 
lamln.atto solta ruober puncture-proo• type tires. 

(II>TI~': NO. 
-'-

4.0 SYNTHETIC-f!LLEll TIRES: 6.9016.00 x 9 6-oly rating industrial pneu<~~atlc tires with tread design I 
comolete wlth wnee•s. Tires shall be filled with a synthetic rll!lber COOlDound in lieu of air to 
provide a puncture-proof CIPIDility. The synthetic compounc shall be of a density to provide the 
eauiulent of 65 PSI ana the tire shall have sufficient cushion affect to absorb appro•im&tely 50 
percent or 1110re of the shOck rulized over une.en terra•n. The outside di~~~~t~ter of the tire --'--
Shall be appro•imately 21 inches. 

Eumole: Goodyear Industrial Pneumatic Super Rib filled with pe,.,..f0111 comoound, or eQUal. 

OPTION 110. S 

5,0 24-PLY RECAPPED AIRPLANE TIRES: 9.00 l 1Z Z4-oly airplane tires recapped with truck-tire-grade 
rucber, mi:lunteo on 2-p1ece colt-together wheel. Tire to have lug tread design and be furn1Shed 
with tube ana flap. 

~: Martin Tire Co., Jacksonville, Fla. 

OPTION NO. 6 

6.0 OUTSIDE •1~~ SECTIQr; W~H:.S: In lieu of the wing section wheels reouired to be located inside 

--'-
I 
I 

~ng ••Otn as oescnoeo in Paragrapn 7.4, the wtng sect1on •heels shall be located outside --'--
the cutt~ng width. 

OPTIO'> NO. 7 

7.0 CAPTIVE s:,;,L HITCH: In lieu of the hitch Sll!Cified in Paragraph 3.8, Part II of this specific&• 
t1on, tne n:ower Shall be eou1ppeo with a captive ball hitch. 

Exan:ole: Wooo part number 23644, or eoual. 

OPTION 110. 8 

8.0 BALL TYPE COUPLER WITH LOCKING COLLAR: In lieu of the hitch SDf!cified In Paragraoh 3.8. Part 1! 

__ ,_ 

iitthn speclfl-Citlon, the mower sna•l be eouipoed wlth 1 ball t.)'Pe coupler havtng a spring-loaded --'-
locking collar. Ball to be provtdeo with coupler. 

E•aMPie: Bulldog !1odel 48-2, or equal. 
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1.0 T~e touiD!fttftt furnlsftt~ under thut sottifications shall be the latest 1qro•td IIOCel in cu.,.,.ent 
proouct1on, as oHerta to c~roal true. ano snall bt of Quality won111nshio ano uttnal. Tht 
bidOe• reo•utnts nat all tOulO"'f•t offt•tG' unot• tfttst soeciflcat•ons shall 1M! new. USED, $HOPW011h, 
Q[I()NSTRATOR, PROTOTYPE, OR D!SCOI\TJNUEO IIODE~S ME IIQT A::CEPTA!i.E. 

Z.O Bidders s~ould subftlit •it~ tllt•r ~ld, or hht on f1lt •it~ t~t State Dtoartllt!nt of Hlg~ays and 
Public TransgorUtlon, Austtn, Tun, t~t latut orinttd llttraturt and dtttlllttd SDetlf1CitlOns on 
tQulo~~~tnt tilt Dlddtr proposes to fuMilS~. lllis literature h for 1nfo,..t1onal purposes onl7. 

3.0 Tile unit(Sl Shall be CQIIIDlttelJ ISSII"lbltd, ac!justtd, and all touipooent 111cludl11g st&n;urd &l'ld 
suool-nui tOuto,.nt 1M! •nstalltd ana tilt unit NOt rUc!J for continuous operation. 

•.o All parts not sotciflc&lly "''!ntio~t~ which are necnsary for the unit to bt CQI!II)ltte and rudy 
for ooer&tlon or WftlCh are noM~ally fuM!lSftttC u st&nC&rc ecu1o111tM Shall bt furnlslleo by tilt success
ful ~•a:!•. ,,~ Pl•ts st.a~: co·'~""''" s:rer.;:•, Q~ality &no wort.,ans~•o to the acceoted suno&•es of 
tfte 1nc•s:r,, 

5.0 The unitlsl proyidtd shall llt!et or t•cttll all 'Ftat•al and State of Tun safety, llt!altl'l, li9ftt1ng 
11'10 I'IOlSt rttgulltiOnS 1110 SUnoarQS 1ft tffect and "'p;ICIOle to tll~lpmer.t furnl$11td It tht tiiiiC O! 
aanuf&cturt. 

6.0 Any uriat•on frOII! these soecl'icltions •ust De Indicated on tilt Bid or on 1 stoarau &ttlcMent 
to tfte 81CI. Th•s snnt ShllO Dt 1Utlec as sucn. 

PU~ !1 
SPEC!'F1"tffiONS 

1.0 Tftis Swclfic&tio• dn:rlbe~ lllel:hlrically llri•tn fifttt"·foot US'l rotary -•r consistinv of 
thrtt \31 stctlons. ·-TillS trail tyO« ot:>•er sna11 Dt sultaclt fo• .,.,nq tltre•ly hn•y grass aftC •t9t· 
ttt 1on and snail bt oul It from tnt grownc YO to wltnsu•c tne stwert stn•ct tntOyftttrtd In cont 1nuoys 
111qnway "9M-cf-•IY 110w1n~. All unlts furnaftta tc tnls soecl!•cat•on aust lll!l!t or llettd all tilt 
rtQ~lrtmtnts 1\trttin. 

Z.O [J.Afii~L£5: 

Rn1 no fie• S1 ~ 
Ttrratr. ltlnc i .K.•l5 ~.!l. 
lioods HC 3!5 

z.l IIO~:ct: TQ B!O:!R~, Any eu.,.:1t Shown is ltsttd to Sh,. t}'lle and class of tQuiomtnt oes1re~. 
!loce•s are tlUtiOI'IfC to rue tltt sot:ific&tlor.s carefui<y, 1$ tlltrt uy bt SD"Ial reo:.trt• 
llt'ftts not CQOIIIOnly offeree oy tnt taulllftltnt ••nufacturer. Do not ISSjjllll,' }'llur sunoaro tQU10--·t •ets 111 Cltti'ltC sott1 1 iut1ons Nrt1, because 1t Is listtt<! u an eumolt. lidoers 
art caut1oneo tllat un>ts oelivtreo to tilt F.O.a. po111u •nlCII do 110t •et specification 1n 
tver1 ISPI!Ct •111 !lOt 1M! ICCIOtta. 

Dots Unit 
IIHt Tfte 
Purer. au 
Soecs' 

I 
--~----,--

3.0 lllli!IIG S~CT!O'!S: Each of the tft~H Ill stcttons of the -e· shill bt constrycttc! In llnvy•tlutr --'--
fasnton ana snaol nave sufficient D•actn\1 tna/or reinforc-nt to prevent wtrQing, bttnC,ng, t•1St1n~. : 
craca1n9 or 1ny otlltr t)'Pt of 11tUl hllurt from occurr.ng llut to the stresses encounttrto In nc,...l --~--
-•ng cpttrttlons. 

3.1 Tilt -er sllall bt di!Si;t'ed to unifcrftllJ cut hU•J growtft at tilt s- llt!i9ht across tilt 
ttntirt fifteen fttt !15' l anc shall not ln•t an uncut ocrtton bttwttn tilt _e,.•s sect1cns. I 
Tilt IIIOwtr Shall bt oeslgneo to d1SGII&r9t cut Nttrlals fr0111 tilt rear of ncn t.ect1on. 

3.2 Tht side sections snail be conntc(td to tht ctnttr uction by lllngn !IIIICII wtll allow eac11 --'--
stetton to follo• the contour of tilt luc fratr 60 dt~•tes a~o•t to ZO dtgrtts below horuon· 1 

tal ""It" the 1110•11• Is in tilt ooerattnq (Cuttlngl .aot. Hln~ts shall bt constructed of ••n•· ' 
• ..., 0.154-lntll steel tnt! 1t1n9t p1ns sftlll bt 111n111um 3/4-lncn di-ter cold-rollttd stttl. =:z:::= 

1·5 
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3.3 Drain holes, tlCh ~~~enuring aooroaiWiately 1/Z inch in (li-ter shall be provided in tile 
deckin; 111terial of eac11 of the thru (J) sect•ons of the IIO•er. The dra•n holes shall be 
arran9ec. anc a suff•c,ent nutnoer of ara1n holu shall be pro•ielt!d so that water will not 
stand or pud~le on any port 1on of the -tr's Cleek. 

3.' The bottom eoge of eacll outer side section of tilt -r sllall be touipotd with a rtplaceablt 
Skid shoe. Tflt wur1ng area of tilt skid snoe shall be "through" heat truted to a ••n111um 
trintll llarontss of •oo. Tllr forward 1>0rt1on of each Skid Sllor sha11 IK' slootd II!Proa~ma
ttly ·~· ebove floruonul. Skid Shoes and tllt>r ettacn1n; fll!l!lbl!rs shall be desig.,tG and/or 
rtinforua to prennt thelll from bt1n9 btnt and/or broun off durin; turns that IPPly sidt 
forces to tilt -er. 

3.S Eacn sldt section s11al1 be caoable of brin9 indeoendently raiud by hyd7'aul1c POwer 
controlled fr011> the optrator•s pesttlon. In tilt fully raiSed transport ~~Clition, the 
overall 1110Wtr width Shall not e•cna 96 inches. It Shall be peulble to f11lly raise and 
lower tacn 11Cit! section without disconntctlng any of tilt -tr's llrlvt lint COIIIPOnents. 

l.E l!uns shall bt provided to lock each s1Cit! stction In tilt rafstd transport JICSition for 
transporting tilt 11n1t ovtr tilt road. 

3.7 Tnt mo•er shall bt tCuiPDta with a winch a"d cablt for raiSing ucl'l side ucticn in tilt 
tvt"t of nya•aulic f11lure. lllncl'l shall l>t ttOulpotd with an automat•c brut sou to eli
.,n.aa tn~ p;;SSI!::li!) c;~ ' rur.a.ay "inch nanale or inadvtrttnt dtscent of 1 sidt se:t1on. 

~: Dutton-Lainson Moot! llo. B-1202, or tQual. 

3.! Tilt mower tongue Shall be hydraulically actulttd to raise tht unit for transport. A clnis 
hi ten or captive ball tyot nIt en with clew a p1n for connect ion to tilt tractor arawo1r snall 
bt prov1deo. HitCh sl'lall bt dt119nta so IS to allow a s••ng of llOt Ins than 30 dtgrees 
above and 30 dtgrus below nonzonul without binding. 

3.9 The 111ower lllall be tQuippta with 1 •anually adjustable pesitivt ~~~tthenical step to hold the 
-er at prtsrt cutt1n; lltlghts without the aid of hydra•lic prns11re. 

•.o CC'!1E~ S:.A:J~S: Tilt cutttr tladts shall bt fret twingin9 suctio~ type which fald blck whtn 
Mttinc ar ocstru:t1on. Blaoes shall bt forged or macl'lintd of steel ano be hut treated to 1 trinell 
hardness of 35C to •30. 

5.0 OF.;v: TU!~: Pewtr for tnt t!IO,.t• drive trai~ shall be provided by a S•O RP~ -tr takt-oH 
cor.forrr·.r,, tc ~A~/ASt.!: Sunai'OS. Dnvt lints lhlil bt compatible for use with tra:tors 111v1ng liP to 
75 PiC /loruoower. 

5.! Pow!• Shl11 bt tra"s••tte: tc a PO•t• divider anei ther. to I gur boa on tiCh of tilt thru 
IIIO•e• uct1ons or shall be tTIH"'itte~ dirtctly to tnt center section qeer boa then tc uch 
Side uctlor, qur bo•. liur boats snail be tQuipptC witll v~nts to prtvent Ovtr pressuTia· 
Hor.. All nnu snai 1 be fllttrto. 
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5.i iht d•ivt sr.a't to tr.t ctottr stet ion gear box shall be orottcttd by muns of a sli~ clutch I 
or toroue lirr.Htr 111w1n; 1 static brtauway toraut of 1,130 ft. lts. plus or annus S I. Eacn --,-
"ing asse.,oly arivt sna't snall b~ P"DLtettO by a sh; clutch or toroue limHtr having a 
stat 1 c brn•away torQut of 750 ft. lbs. p Jus or •i nus 51. 

S.3 All drive sna•ts and clutches shall bt thitlelt!a or gua•ctd to protect 191inst ~~toole con- --'--
tact1n9 roUting l!lrmot•s of tilt power Griwe systtm. hen 9"ard ano iU support snell bt 
caoablt of w1tnsuno:ng tht force tllat an lndiviaual, leaning on or falling against tilt __ ! __ 
guarc, •ould exert upon tnat guard. 

S.• Tht main drlvt shaft frarr tnt tractor power Utt-off to the -tr and tnt secondary drive 
shafts to ncn mow1ng stet 1on gur bo• Shall navt •u• joints and yo•es IS rtctllll!ltnOed by the __ / __ 
111nufacturtr to lllftt the reculrtllll!nts of P1ragrapn 5.0 abovt. 

6.0 HlllP.AU"It SlST£~.: Hydraulic oower for raising and lowering outtr wings and for adju5tinq htight of 
IIO•e• in-ill bt prow10ed by tnt tra:to• nyora.,lic systtrr.. Til~ hycrauHc system shall incluGt all ntct!.· 
sary hOsts, fitt1n9s, cylinotrs ano other tOII>oontnts rtQuired for optrat•on. 

6.1 ~osts 111uU bt touippte w>th a stt of Nlt and femalt Quick couoltrs 1"11 be suitatle for con
netting to a thrte (3) spool valvt 110unttd on a tractor. (Thrtt (3) spool valve!!£.!: te be 
furnalltd. l 

Eu,.,olt: Pionttr, or toual. 
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5.3 Tftt hycraylic hOst 51•al1 lit two 121 wirt braid or tcrYal, 1*ftt1f1td 111 SA£ Sta11da•d JSHa, 
fll' latest rt•is•on thereto. n SA£ 100112 llycrtulic !lose. Holt ltngtll Shall De t~QUtt for 
prooer llooa-~o~p anc opera: 10" o' tractor -•r CGI!ICinlt •on. 

7.0 111-fH~S: The -•· Shall lit pro.,dte with sh !61 wneeh; one on each sl* uctlon tlld tllll 121 
sets o~ whuls on the ttftter sect•on. S•n of the wnttls anctor tires Sllall Dt 11 speclhed '" 
OPt•ontl tcru•P!IIl'nt I"CI Identified on tilt ln.,tltlon to lid. 

7.1 hell wtteel snall be eouiDIItd witlt T111ten or eQual type roller lle&rif19S l!ld eacll wtteel IIIII) 
slla11 be eaulppea with 1 gruse ztrk fitting for l~o~br.clt•on puroolts. A reta1n1ng llt••ce 
111111 Ill! proYideC on tll wttee;s to secure tilt lletrings• dust coYer to tilt wnttl llub. TillS 
reta•ner Sllall be ae11gneo to prevent tile llttr~ngs• dust COYer fr011 lle1119 IIIOCII:ea off DJ 
OCJects encountertc Gur.ng -•ng Ollfratlons. 

7.2 he~ wllttl sllall lit caoablt of being adjusted aanuall7 to the tile-r a cutting lleitllt 
range from I incnts to at lust 1S incnu IOOYt tile groUI!d. 

7.3 A spring t.Jll« susoen~to~ us..,ly on ttcll wllftl h reoulred. 

7.C Tile wing section w11etls shall Dt loclttd Inside tile ~:~~ttlng width. 

1.5 Rtola:u~le bus~ine1 shall be installed In all ... le ,,.., bracteU at tilt lilt,,..., phot 
po•r~s tc Drt,t•~ i-. a•it ,.,. o•a••t:s a~e ult ,.,., frOif' tllltr1tnc1ng pr41111atwre wallowini 
o.t ar.d 'a1lure. ~;1 a•lt OIYGt pc111U sna11 bt 11tlo togetnl!r by bolts with locking nuts. 
Pins witll rttalning chos a~t not acceotal:lt. 

8.0 CHAIN G'JAAOS: Tht front anQ rttr Ollt~lnos of 111 three (]) sections of tilt -r Sll&ll Dt 
tOu11111tO wltn a oouole-row itwo 12) curtt,nl c~11n g~ard te proY1de ootilll""' covt•a~ of tftt -.r•s 
GC1en1nss. The chain g"aro snall aeflect or 111n11111U t~t tllrowingc of objects in an outwaro direct10n by 
tnt cutter blades. Cha>r. guards snall llaYt a lttel cable lactC norizontally tllrougn the ~~eat to tilt 
bottom link cf tacll stranG of chain on tnt outside row onl7 ,. s- otlltr suitable aeans sucn as a 
rucDt• Sll1tld placed o~U1de of tnt tftain tuaros to strYt ts an aoc>tional aeans of oefltctinc; tilt 
flight of thrown ObJects. 

8.1 Chair snall bt at ltast 5116-inch weldtd link. Till! cOIIIDintd nUIIlber of strands 1111r foot ill 
tile two 12) rows snall bt net leu tllan 1&. 

8.2 If till! cnain g~a•c Is not attacntd directly to the deck, tnt spact betwttn tilt •ct al1d tile 
c11a1r. guare holder Shall be flllt~ in w>tn a aattrial S~lt&Olt to prtwtnt t•ass 11t1ng thrown 
tnrcugn tllat sca:e to tnt too of tilt Gtci.. 

8.3 Tilt lenot~ cf eat" strane o' chain snall bt sucft tllat with tilt IIIOwtr set to cut at a 11t!igl1t 
cf fiwt · l5l incnu. tile bott,., linl; will to~cll tilt ground. Tilt llll!as~r-nt snall lie tal;tr. 
~noer tiOwin; cono1tlons. 

8.4 Chain ouard rows snell lit installtc in sucn 1 position so that ul1dtr a~&i- deflectloll con
d>t>ons. tnt cn1111 w>ll not contact tne cutter DladeL 

8.5 The Side Uirt of tltll win~ section will bl! of suffic>ent height or shall De tQu>DIII!O witll a 
11n9it-•o• c~11n t~ara tfta! wlll pro,idt at ltast two i21 Inches of protection below tl1e 
plane of blades to onnu••n oi>Jtcts from De•nq tnrown o~twa•c by tnt clades. 

9.0 SlrEn PLAC!'.!£5 OR O!:A~S: S•fety plaaul!s or dttah shall De f!l,..,hhed and shall be affhfl! at 
tnt o~~t•uor·s nat>on •no a• 111y fttu•aous &rta. Tilt olaQ~ts or ~cah Shall illtluot necessary warn• 
lngs ano precautions. PII'Nnl!l\t olaouts art preferred to ~cah. 

10.0 PAINTING: Tilt unit 11'1111 tie P&IMtd l'l!dtral ¥tllow •o. 13538 of l'tderal Stlndaro SUa e•ceot 
for gl~oer and tnost Ntallic acceuor•es or filturts constructed cf rust-rts>stant or plUto 
••ttrul not noMIIally Pllnttd. Ltad-frtt o11nt will bt accepteo if 1t .. tcl'les the color of federal 
Ttllow 13538. h11011lts of u•nts 10Ht1nt; tniS re11u1r-nt art: 

ou P0t1t 11o. ••ssz 
PPG lno~stries lie. e1gse 
Sherwin llillill!ll ~o. 6351 

11.0 IIIAM~A~S: ll&nual or •anuals con:11ning illustrati!G parts list, ooe•atinq a11d seryict instrll(• 
t>ons for tne -tr snail bt ~llverl!c •ltll tl'le un>t. Tilt 1111nuallsl Shall De as detailed as oouiDlt 
ovtlln•nq all nectsu•y str¥1et ano OPt•at>ng 111struct>ons for tile vn1t del hered. •ecessar, wannngs 
llld safety orecaut>OIIl shall bt lnclvCitC. 
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12.0 WARRANTY: The unit of eou•P...,nt Shall be warrante~ against defects in •aterial lnd wortlqnship 
for a ~f not len than twel.e ClZl 110nths. If the .,anuhcturer•s nanaara warranty IUceee~ 
twelve (lZJ tnOntns, then thf stan~e~c wtrranty perioa shall bt in effect. Successful bidder shall 
furnuh •anuftcturer•s wtrranty to tnt rf"!lvlng d!Str>ct It till!! of delhery. 

IIOT!: Provisions snall bt Maoe Dy tnt successful bid~er to provide a delayU wtrranty start dlte 
~nth unit furnlShed to thiS SPetlfitUIOn. Warranty start dttf Shall be effectiwe the Uy 
the t0111Pieteo urnt is placed into service. Instructions are to be tncluoea with tach urit dth
wereo. lllwising State personnel of tile procedures to be follo.ta for ODta•ning the delayed 
warranty start date. 

13.0 PARTS A~O S£RV!C!: Tilt •anufecturer of tile eouiproe-nt fum1SIIta snall have an autllorizea dnler 
within tht State of Teus. The autnorl:td duler Shall hnt factory•trllnell personnel avtiltlllt for 
perfo,......nct of strwice. Tnt duler sntll aho 11ainta1n an inwentory of hign-uuge PtrH and 1 QUid 
Jelurct for low-usage ptrU. 

14.0 DATA SKEHS: The attacntd Ottt Snttt Should be CCIIIIIlettd and sutMniUtd in Cluplitate for illfor
llltlontl purposes only. 

PAU III 
oPT!O~PM[Nl 

Optional ecuiP"''!~t must llt ider.tlfiec on tne lnvitatior. to 8ic to be reouire~. 

oPTIO~ 110. 1 

1.0 1S-IN~!' ll'lHLS: The aower snail be eauipped with fifteen Cl5l inch .meeh, len tires. 

2.0 SOLI~ AUBBH TIRES: 6.CY.) • 9 sclid rubber t1res wltll trueS design. The rubber uti1i2e~ and t1n 
tonuructlon snail allow suff1c1ent cusnion effect to absorb lPProoillllttly 50 percent or 1110rt of 
tilt Shock ruli:ec aver unevtM tt•raln, Tnt outSide dill!lt!ter of tile tire Shall be IPIIT'Olitr.tt!ly 
20 incnes. The tires Slltll be lll:lll!ltfd on a two•Piece or sp1it type rim, 

~: Bearcat Tire CCO'\P~"Y s~oersoft Gn:zley HU!!Ibfr 5&25, or eQutl. 

OPllON N:>. 

3.0 SO:.!C o• LA~'!NLTf~ s:uc R~s:;, r:~t£5: Tile l!l;>wer shtll bt eouipoed with 6.00 a !I r.ohc or 
r.~.~r.atec so ilC ruc:ler Poii·:~J,t-~ro:T type tireL 

O'TION lie>. 4 
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c.o SY~'!'~::nc F!~~Er TJ~!:5: 6.9~/E.OC: • 9 6-ply rating inoustntl pne.,.,ttic tires with trud desigr. 1 
co!t.~,f~e wHn wnee;s, Tires S"a:1 be hilt~ with • synthetiC ruobe• COII!DO\Ind in lieu of 11r to 
provloe a puncture-oroof caca=llny. Th• syntnH>e compouno snali be of 1 oensity to pro>~ae the 
eouiva1•nt of 65 Po: ano toe tl•t Shall nave sufficient cush1o" effect tc tbsort aoorox1r:atrly 5~ 
perttnt or 1110re of the shoe> realized over uneven terrain. Tnt outside dll111tter of the tire s~tll I 
bt l!>l>r0x1mately Zl incneL 

~: Goodyear !ndustru; PntUI!IIt lC Suoer Rib fi lltd with pent~afoll!l COII!Dound, or eQual. 

O'Tl!ltt 110. 5 

5.0 24-PLY RECAPPED AIRPLA~E TH<[S: 9.00 & 12 24-ply airphne tires rtclt>De~ with truck-tire-grade 
ruo~er, munteo on 2-plece ooot-togetner Wllul. Tire to tone lug-trud lltslgn ano be furniShed 
with tube and flao. 

~: Mtrtln Tire Co., Jtcuonvllle, Fla. 

OPTIO~ HO. 6 

6.0 OUTSJOr WING SECTION ll~f!LS: In lieu of the w1ng srctlon Wlleels reouired to bt located inside 
the, cuttlii·; w>otn u oe~cnoec i~. Ptragraon 7.4, the wing section wllnls shall bt locate~ outSlOt 
the cutttng wl~tn. 

! --,--
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DPTIO~ II~. 7 

7.0 CADfly[ lA~~ HITCM: ~~ 11•y 01 th• Mtth sD•tift•a ill Par19•1Dn l.l, Plrt II 11/f this SHClflca
tiOr., tnt IIIO•t• snall U •ou•oDte •itr. 1 cal!tht ba11 Mtcn. 

OPTION 110. II 

.!ll!!Q 

--'-

1!.0 IA!.L TYPE COUOl[R lilT!' lOCk!IIG COll": !11 Htu of t!•t Ill tell IIK'Clfl•d in Par•qraon l.!!, Part II 
of thiS spec•f!CI~'O", tilt mowtr s-..,: bt tQ~IODtd witl\ I bill t~ COullltr IOI•IIIfi I ll)rillg•lOICltd __ f_ 
lociill9 collar. Ball to lit pro•HI•o ••tiO coupler. 

~: lllllelOG Moeltl CS-2, or toual. 

OPliON 110. 9 

9.0 D!S~ TYP£ ILIO£ HOl!!ER: A Clisl\ tyOt blldt ho\cJtr 1101\ l bt oro•ieltd for blaelt IIOUIItlftG. -'-
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